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CHAPTER I
PROBLEM AHD SCOPE OF THE INVESTIGATION
T his i n v e s t i g a t i o n  o f  p h otograp h ic  methods o f  a e r i a l  
s e e n -s r e a  mapping v/as undertaken to  d e v e lo p  a te c h n iq u e  
which w i l l  p ro v id e  a s a t i s f a c t o r y  nap b a s i s  f o r  p la n n in g  
a e r i a l  d e t e c t io n  r o u te s  end c o v e r a g e s .  The r e s u l t s  i n d i c a t e  
th a t  s e e n -e r c a  maps prepared by o c u la r  s k e tc h in g  f r o n  35 nn  
h igh  o b liq u e  a e r i a l  photographs n e e t  th e  req u irem en ts  o f  
accuracy  and low c o s t  y
In  nort a nee o f  th e  i n v e s t i g a t i o n .  A ir c r a f t  have  
been employed in  the d e t e c t io n  o f  f o r e s t  f i r e s  s i n c e  1919 ,  
but the use during th e  e a r ly  y e a r s  was m a in ly  o p p o r t u n i s t i c  
and o f te n  i n e f f e c t i v e .  However, developm ent o f  th e  a i r p l a n e ,  
p a r t i c u la r l y  the  in c r e a s e  in  r e l i a b i l i t y  and perform ance  
and the d ecr ea se  in  oper^^ting c o s t s ,  has enhanced i t s  v a lu e  
in  d e t e c t io n .  This improvement in  the a ir p la n e  p a r a l l e l s  
the development o f  c o n d i t io n s  which make a e r i a l  d e t e c t i o n  
more d e s ir a b le .  The In cr ea sed  u se  o f  a i r  t r a n s p o r t a t io n  
and smoke Jumpers have made the lo o k o u t - f ir e m a n  system  
o b s o le t e  over much o f  R egion One, end th e  grov/ing o b s o l e s ­
cen ce  o f  f i r e  c o n t r o l  f a c i l i t i e s ,  e s p e c i a l l y  lo o k o u t  
s t r u c t u r e s ,  p o ses  the need f o r  la r g e  e x p e n d itu r e s  i f  th e  
e x i s t i n g  system  i s  r e ta in e d *
2 .
I t  i s  th o u g h t t h a t  th e  i n t e g r a t io n  o f  a e r i a l  and 
ground d e t e c t i o n  w i l l  le a d  t o  a type o f  o r g a n iz a t io n  
b e t t e r  adapted to  th e  new c o n d i t i o n s  end l e s s  c o s t l y  to  
jn a in ta in . Such i n t e g r a t io n  can b e s t  be acco m p lish ed  by  
th e  u se  o f  s e e n -e r e a  maps, b u t  has n o t  been  a ttem p ted  
b ecau se  a s a t i s f a c t o r y  tech n iq u e  f o r  mapping se e n  a r e a s  
from a e r i a l  p a t r o l  r o u te s  was not a v a i l a b l e .  The te ch n iq u e  
d eveloped  in  t h i s  i n v e s t i g a t i o n  p r o v id e s  a method w hich  
should  prove s a t i s f a c t o r y *
L im it in g  C o n d it io n s .  A s a t i s f a c t o r y  method o f  a e r i a l  
se en  area mapping must be (1 )  com parable i n  c o s t  and a c c u r a cy  
t o  s im i la r  work done from ground p o in t s ;  (2 )  s u i t a b l e  f o r  
u se  w ith  p le n im e tr io  maps; and (3 )  s u s c e p t i b l e  to  r o u t in e  
c h e c k in g .
I
A e r ia l  se e n -a r e a  mapping from h ig h  o b l iq u e  p h o to ­
graphs appeared to  s a t i s f y  th e  fo r e g o in g  c r i t e r i a  and so  
was s e l e c t e d  f o r  i n v e s t i g a t i o n .  % e w ork in g  h y p o t h e s i s  
w a s, th a t  jr tech n iq u e  em ploying h ig h  o b l iq u e  photo/^raphs 
<gill provide a_ s a t i s f a c t o r y  method of a e r i a l  s e e n -a r e a
A  ' -  T L . _n-_ m. ■ -
n ap p in g .
r o s s i b l e  s o l u t i o n s . Four s o l u t i o n s  d i f f e r i n g  
c h i e f l y  i n  th e  manner of photograph i n t e r p r e t a t i o n  were  
a v a i l a b l e .  These were:
3.
( ! )  O culer skôtohinf^ fro n  in d i v id u o l  photop.rsnhs
(2) S te r e o s c o p ic  s l e t c h i n g  f r o n  p a ir s  o f  p hotograp hs
(3) Graphic a n a ly s i s  by th e  p r i n c i p l e s  o f  a n a l y t i c a l  
geom etry
(4) n e c h a n i c a l - o p t i c a l  p l o t t i n g  M t h  a n a c h in e  su ch  
as th e  "Canadian P l o t t e r  fo r  High O blique I h o t o -  
g ra p h s,"  or the  " F i l l e r  S in g le  H yapiece P l o t t e r . "
The f i r s t  s o l u t i o n  i s  s im p le  and no equipment i s  
req u ired ;  the second a llov ;s  b e t t e r  d e f i n i t i o n  o f  d e t a i l s  
on the  photograph but r e q u ir e s  th e  u se  o f  a s t e r e o s c o p e ;  
the th ir d  i s  d i f f i c u l t  to  u se  end t im e-co n o u n in g ;  and th e  
fo u r th  r e q u ir e s  s p e c i a l  equipm ent n o t  r e a d i l y  a v a i l a b l e .  
T h erefo re , o n ly  th e  f i r s t  and second s o l u t i o n s  vjere c o n s id e r e d  
worthy o f  I n v e s t i g a t i o n .  They v/ere a p p lied  to  two ty p e s  o f  
photographs r e s u l t i n g  in  a t e s t  o f  fo u r  methods o f  a e r i a l  
se e n -a r e a  mapping, a s  fo llov7s:
(1) Ocular sketc* in g  from 9"%9" p hotograp hs
(2) Ocular s k e tc h in g  from 35mm p hotographs
(3) s t e r e o s c o p ic  s k e tc h in g  from 9"x9" photographs
(4) S te r e o s c o p ic  s k e tc h in g  from 33mm p h otograp h s ,
S tatem ent o f  problem . The problem  c o n s i s t e d  in  
d e v e lo p in g  and a p p r a is in g  photographic  methods o f  a e r i a l  
se e n -a r e a  mapping by (1) com parison o f  th e  r e l a t i v e  a cc u r a ­
c i e s  o f  the  s e v e r a l  m ethods; (2) d e te r m in a t io n  o f  the  c o s t s
4#
o f  th o s e  n e th o d s  v.'hich appenr f e a s i b l e ;  and (3 ) c o n s id e r a t i o n  
o f  o th e r  f a c t o r s  w hich  n ig h t  a f f e c t  the u t i l i t y  o f  th e  
techn ique*
Flan o f  th e  i n v e s t i g a t i o n *  A f i e ] d  t e s t  was nade 
by f l y i n g  over  an area  on Lolo Greek, L olo  n a t io n a l  F o r e s t ,  
and photographing  the t e r r a in  w ith  two c a n e r a s ,  a Mark Kurd I I ,  
9"’x 9 ” i end a Contax I I ,  35 which r e p r o s e n t  e x tr o n e s  in  
p r e c i s io n  and c o s t  o f  o p era t io n *  The h ig h  o b l iq u e  p hotographs  
obta ined  were su b s e q u e n t ly  in te r n r e te d  by tvjo xiethods end th e  
r e s u l t i n g  data  were analyzed  t o  o b ta in  co n p a r iso n s  o f  a c c u r a c y ,  
u n it  c o s t ,  and s u i t a b i l i t y .  The i n v e s t i g a t i o n  i s  p re se n te d  
in  th ree  p a r ts :  th e  f i e l d  procedure w hich d e a ls  w ith  th e
t e s t  a r e a ,  f l i g h t ,  and ohotography; the o f f i c e  procedure  
d e s c r ib in g  te c h n iq u es  o f  i n t e r p r e t a t i o n  and a n a l y s i s ;  end, 
th e  sunrxary and c o n c l u s i o n s .  The vo lu n e  o f  su n n o r t in g  d ata  
l a  too  g r e a t  t o  in c lu d e  w ith  t h i s  t h e s i s .  TJic-f: data are  
f i l e d  in  th e  L ibrary  o f  the S ch oo l o f  F o r e s t r y ,  Montana S t a t e  
U n i v e r s i t y .
CÎUrTOR II
RlîVJiir/ OF PRLYIOnS ĴCRK RCFI’ ITTOPS OF TJTüT üoiîH)
P rev iou s to  t h i s  i n v e s t i g a t i o n  the o n ly  work done  
on th e  a e v e lo p n e n t  o f  te c h n iq u e s  o f  a e r i a l  ce a n -a re a  napping  
was in c i d e n t a l  to  the a e r i a l  d e t e c t i o n  s tu d y  nede on the  
Coeur d ’ A lene N a t io n a l  F o r e s t .  No r e f e r e n c e  has been  found  
o f  a ttem p ts  to  u se  o b liq u e  a e r i a l  photographs f o r  th e  purpose  
and r e p l i e s  to  i n q u i r i e s  in d i c a t e  t h a t  i t  i s  p rob ab le  th e  
method d evelop ed  in  t h i s  i n v e s t i g a t i o n  has n ev er  been  used  
for a e r i a l  s e e n -a r e a  n app in g .
RCVIHr// OF PRmOtlS V'ORE
The rev iew  o f  the p io n e e r  work done on th e  Coeur 
d ’Alene N a t io n a l  F o r e s t  was n ot r e s t r i c t e d  to  p u b lish e d  
l i t e r a t u r e .  M anuscript r e p o r ts  in  the  f i l e s  o f  th e  
Northern Rooky Mountain F o r e s t  and Range Experim ent  
S ta t io n  were s tu d ie d  and some a d d i t io n a l  in fo r m a t io n  was 
o b ta in ed  by correspon d en ce  and c o n fe r e n c e  w ith  n en b ers  o f  
the S u p e r v is o r ’ s s t a f f .  Coeur d ’ Alene N a t io n a l  F o r e s t .  The 
p o s s i b i l i t y  t h a t  s i m i l a r  work had been done by o th e r  f i r e  
c o n t r o l  o r g a n iz a t io n s  was checked  by l e t t e r s  o f  in q u ir y  to  
th o se  known to  make e x t e n s iv e  u se  o f  a e r i a l  f i r e  p a t r o l s .
Coeur d ’ A lene a e r i a l  d e t e c t io n  s t u d y . A t r i a l  o f  
s e r i a l  d e t e c t io n  based on syster^iatic p la n n in g  o f  r o u te s
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end coveregeB  was begun on the Coeur d ’A len e N e t lo n a l  F o r e s t  
in  Idaho d u r in g  th e  sumner o f  1945 end h as  been  con tinu ed  
during s u c c e e d in g  f i r e  se a so n s*  A two m i l l i o n  a c r e  area  
o f  f o r e s t  was s e l e c t e d  fo r  the t r i a l  and a i r o r e f t  were used  
on sch ed u led  f l i g h t s  over  predeterm ined  r o u te s  to g iv e  the  
sane freq u en cy  o f  in s p e c t io n  a s  a f fo r d e d  by ground lo o k o u t s .
The p la n n in g  o f  th e  f l i g h t  r o u te s  le d  to  developm ent  
o f  a method f o r  d eterm in in g  f l i g h t  c o u r s e s ,  f l i g h t  a l t i t u d e s  
end co verages*^  The procedure c o n s i s t e d  in  th e  p r e p a r a t io n  
o f  p r o f i l e s  from e topograp h ic  nop a t  about o n e -m ile  i n t e r v a l s  
ap p ro x im a te ly  a t  r i g h t  a n g le s  t o  the proposed l in o  o f  f l i g h t .  
These p r o f i l e s  v/ere used to  a d ju s t  the f l i g h t  c o u r s e s  and 
a l t i t u d e s  in  an e f f o r t  t o  o b ta in  100 r e r  c e n t  c o v e ra g e  o v er  
a r e a s  c o n s id e r e d  c r i t i c a l  on tho b a s i s  o f  f u e l  t y p e ,  s p e c i a l  
r i s k ,  and la c k  o f  coverage  fr o n  e s t a b l i s h e d  lo o k o u t s .  Pona 
a d d i t io n a l  p r o f i l e s  were s u b s e q u e n t ly  added to  g iv e  f u r t h e r  
coverage  in  c e r t a in  a r e a s .  The r e s u l t i n g  r o u te  s e e n -a r e a  
map was l a t e r  checked and supplem ented by o b se r v e r s  who 
sk etch ed  the  b l in d  a re a s  from p a tr o l  a i r p l a n e s ,  th o  t e c h ­
n iqu e  used i s  c a l l e d  th e  Coour d ’A lene method o f  a e r i a l  
se e n -a r e a  napping in  t h i s  i n v e s t i g a t i o n .
R. L. Hand and H. L. H a r r is ,  ^ T r e l in in o r y  'Report 
on A e r ia l  h^etection L:tudy,” ^ ir e  C on tro l î lo t o s ,  ^ { l ) ; 2 9 - 3 0 .  
January 1947#
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The nethod employed was n o t  e n t i r e l y  s a t i s f a c t o r y  
f o r  mapping se e n  a r e a s ,  a s  th e  f o l lm v ln g  e x c e r p t  from a 
l e t t e r  w r i t t e n  by A ctin g  S u p e r v iso r  S . C. Sanderson i n d i c a t e s .  
Ue sa y s :
. . .  we were n ev er  a b le  to  s a t i s f y  o u r s e lv e s  th a t  
we were g e t t i n g  a c o m p le te ly  a c c u r a te  p i c t u r e  o f  
the co v era g e  f r o n  a p la n e .  . . The seen  a rea  f o r  
the o b se r v e r  was a p ic t u r e  which changed e v e r y  secon d  
end we found no way to  measure t h i s  ch an g in g  p ic t u r e  
by m och an ica l moans.
An exam in ation  o f  th e  Coeur d ’ A lene nethod  o f  s e e n -  
area mapping d i s c l o s e s  s e v e r a l  l i m i t a t i o n s ,  f i r s t ,  i t  com­
b in e s  two d i s t i n c t  mapping t e c h n iq u e s ,  nap p r o f i l i n g  and
o b s e r v e r - s k e t c h in g ,  n e i t h e r  o f  v/hich i s  s u i t e d  to th e  p u r p o se .
:
The u se  o f  p r o f i l e s  prepared from th e  to p o g r a p h ic  nap r e s u l t s  
in  a map r e p r e s e n t a t io n  which i s  n o t  e q u iv a le n t  t o  th e  area  
se e n  by an o b se r v e r  f l y i n g  over  th e  r o u te  in  an a ir p la n e  
b eca u se  such  t r a n s e c t s  do n o t  reproduce the v i s u a l  c o n e .  
O b ser v er -sk e tch in g  i s  w h o l ly  in a d e q u a te ,  ^t the r e l a t i v e l y  
s low  f l y i n g  speed o f  80 mph, the  o b serv er  has o n ly  35 m in u tes  
to  s k e tc h  th e  sa n e  area  f o r  which from 3 to  5 h ours i s  r e ­
quired  by a mapper working fr o n  a f i x e d  p o i n t .  The a e r i a l  
o b serv er  i s  fu r th e r  handicapped in  t h a t  he can n ot u se  an  
a l id a d e  or f i e l d  g l a s s e s .
G. C. fa n d a rso n , L e t t e r  (F A e r ia l ,  Gd’ a ,  G en era l,  
Coeur d ’A lene N a t io n a l  F o r e s t ,  Coeur d ’A le n e .  Id a h o . Nov. 
29, 1 9 4 8 ) ,  p .  1 .
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The second l i m i t a t i o n  in  the Coeur d 'A le n e  nethod i s  
i t s  dependence on th e  top ograp h ic  nap* In  R egion One 30 
per c e n t  o f  th e  area has n ever  been so  napped , and f o r  a n o th er  
50 per c e n t  o n ly  o b s o l e t e  to p o g ra p h ic  naps o f  d o u b tfu l  a ccu ra cy  
are a v a i la b le *  Thus^ the method i s  l im i t e d  to  u se  on 20 per  
ce n t  o f  th e  f o r e s t e d  area o f  Region One.
The th ir d  l i m i t a t i o n  in  th e  Coeur d 'A le n e  method i s  
the r e l a t i v e l y  h ig h  u n i t  c o s t ,  ùhere th e  p r o f i l e d  se e n  area  
i s  checked by o n ly  one f l i g h t  o v er  the  rout,-' the c o s t  o f  the  
mapping i s  as g r e a t  as th a t  f o r  p h otograp h ic  mapping, b u t  th e  
se e n -a r e a  map produced i s  not com parable.
As 0 tech n iq u e  f o r  a e r i a l  s e e n -a r e a  mapping, th e  Coeur 
d 'A len e  method has th e  f o l lo w in g  l i m i t a t i o n s :  (1) I t  i s
t e c h n ic a l l y  Im p erfec t  a s  th e  procedu res a r e  s u b je c t  to e r r o r s  
fo r  w hich t h e r e  a r e  no adequate checks* (2 )  I t  cannot be 
g e n e r a l ly  a p p lie d  becau se  o f  th e  dependence on a to p o g ra p h ic  
map. (3 ) I t  i s  n o t  an econom ica l p ro ced u re .
R e s u lt s  o f  i n q u i r i e s . L e t t e r s  o f  in q u ir y  were s e n t  
to  f i r e  c o n t r o l  o r g a n iz a t io n s  to  determ in e  w heth er  or n o t  
se e n -a r e a  mapping had been done in  c o n n e c t io n  vjith  t h e i r  
use o f  a e r i a l  f i r e  p a t r o l s .  The f o l lo w in g  q u e s t io n s  were  
asked:
(1) Are a e r i a l  photographs used in  d e term in in g  f l i g h t  r o u t e s ?  
I f  s o ,  are  th e y  v e r t i c a l  or  o b liq u e  photographs and how a r e  
th ey  employed?
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(2) Are topopiraphic naps eriployed to  d e v e lo p  s e e n -o r o a  naps 
by p r o f i l i n g  e i t h e r  b è fo r o  or  a f t e r  e s t s b l i s h n e n t  o f  a 
p a tr o l  r o u te ?
(3) Are p r o f i l e s  o f  tLe t e r r a i n  used  In  any nanner for  deter-^ 
m ining the  d eg ree  o f  coverage  T/hloh can  be o b ta in ed  on a 
g iv e n  r o u te  or a t  a g iv e n  f l i g h t  a l t i t u d e ?
(4 )  Are s p e c i a l  c o n d i t io n s  such a s  h azard , r i s k ,  a c c e s s ,  
coverage by ground lo o k o u ts  end ec o n o n ic  v a lu e  taken  i n t o  
c o n s id e r a t io n  in  p la n n in g  a e r i a l  d e t e c t i o n  r o u te s ?
L e t t e r s  v^ere s e n t  to th e  Dominion F o r e s t  T e r v ic e ,  
Department o f  L in e s  and R eso u r c e s ,  Ottawa, Canada ; th e  
P a c i f i c  N orthw est F o r e s t  and Range xJxperinent s t a t i o n ,  
P o r t la n d ,  Oregon; and the S u p er io r  n a t i o n a l  F o r e s t ,  i51y, 
M inn esota . The r e p l i e s  in d i c a t e  t h a t  a e r i a l  d e t e c t i o n  
p lann in g  i s  done on the b a s is  o f  h azard , r i s k ,  and the 
coverage  su p p lie d  by ground s t a t i o n s ,  and t h a t  a e r i a l  s e e n -  
area napping has not been done by th e  o r g a n iz a t io n s  c o n t a c t e d .
D]^FiT!iTier:o of KRi's
The nature  o f  t h i s  i n v e s t i g a t i o n  makes n e c e s s a r y  
th e  use  o f  t e c h n ic a l  term s, sone o f  w hich  are n o t  a d e q u a te ly  
d e f in e d  e lsew h ere*
The t e r n in o lc g y  u s e d . Hie f i r e  c o n t r o l  t e r n s  used  
are th o s e  d e f in e d  in  th e  G lo s sa r y  o f  Terns Dsed in  F ir e  
C ontro l (1939) o f  th e  U . S .  Department o f  A g r ic u l tu r e ;
1 0 .
F o r e s t  S e r v i c e .  The term s nnd n o t a t io n s  used i n  th e  d i s ­
c u s s io n  and i n t e r p r e t a t i o n  o f  o b l iq u e  a e r i a l  photographs  
i s  t h a t  o f  th e  üanual o f  Photogranm etry o f  th e  A nericen  
S o c ie t y  o f  I h o t o g r a m e t r y .
D é f in i t i o n s  o f  s p e c i a l  t e r n s . The s p e c i a l  t e r n s  
used i n  t h i s  i n v e s t i g a t i o n  are d e f in e d  a s  f o l lo v / s ;
A e r ia l  o a t r o l  r o u t e . A p red e te r n in e d  r o u te  fo lio ? ;ed  by  
sn  a i r c r a f t  f o r  the purpose o f  d e t e c t in g  f o r e s t  f i r e s  
o cc u r r in g  on a g iv e n  a r e a .
A e r ia l  s e e n -a r e a  nap . A nap r e p r e s e n t a t io n  o f  th e  area  
v i s i b l e  t o  an o b serv er  lo o k in g  through a p r e s c r ib e d  arc  o f  
v ie w , w i t h in  a l i n i t e i  r a d iu s  from an a i r c r a f t  f l y i n g  a 
predeterm ined  r o u t e .
B lin d  a r e a . An area  where th e  ground i s  nore th a n  one 
hundred f e e t  b elow  th e  l i n e - o f - s i g h t  f r o n  the o b s e r v e r .  
C razing s i g h t . That p o r t io n  o f  a l i n e  o f  s i g h t  which  
i s  w ith in  100 f e e t  o f  the t e r r a i n ,  noasured v e r t i c a l l y .  
I n t e n s i t y  o f  c o v e r a g e . A measure o f  the le n g t h  o f  t i n e  a 
g iv e n  area i s  v i s i b l e  to  an a e r i a l  o b s e r v e r .
Seen a r e a . An area  where the ground i s  l e s s  than  one hun­
dred f e e t  belov/ the l i n e - o f - s i g h t  f r o n  the o b s e r v e r .
The terms "b lind  a r e a " and "seen area" have been  
r e - d e f in e d  f o r  the p u rp oses  o f  t h i s  i n v e s t i g a t i o n .  I n c lu s io n  
w ith  the s e e n  area  o f  th o se  a r e a s  b l in d  by l e s s  than one  
hundred f e o t  ten ds to  g e n e r a l i z e  the s e e n - a r e a  n a p n in g .
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T his i s  â e s i r e b l a  s in c e  an a i r c r a f t  p r o v id e s  an u n s t a b le  
v ie w in g  p o s i t i o n  in  c o n s ta n t  n o t io n  in  th r e e  d i r e c t i o n s ;  
the p r in c ip a l  one forward on the l i n e  o f  f l i g h t ,  w ith  l e s s e r  
l a t e r a l  and v e r t i c a l  n o t io n s  in  re sp o n se  t o  e tn o s p h e r io  con­
d i t i o n s ,  p i l o t a g e ,  and in s tr u m e n ta l  e r r o r s .  Thus th e  c o u r s e  
i s  n e v e r  s t r i c t l y  r e p r o d u c ib le .  A ls o ,  g r a z in g  s i g h t  o c c u r s  
more o f t e n  f r o n  the  e le v a t e d  v iew  p o in t  o f  an a e r i a l  o b ser v e r  
than i t  d oes from a ground p o i n t .  In s te a d  o f  c r o s s in g  c l e a n l y  
over the r i d g e s ,  th e  l i n e - o f - s i g h t  o f t e n  p a r a l l e l s  the r e v e r s e  
s lo p e s  making i d e n t i f i c a t i o n  o f  the b lin d  a r e a s  d i f f i c u l t  and 
in tr o d u c in g  in t o  th e  i n t e r p r e t a t i o n  o f  the photographs an 
e x a g g e r a t io n  o f  the b l in d  a r e a s ,  p a r t i c u l a r l y  th e  minor o n e s .
IW iZF - 23  W
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d r a i n a g e  M a p  O f  T h e  t e s t  A r e a  
L e u o  NATIONAL F o r e s t  
T  11,12,13 M., R. 21, 2 2 , 2 5 ,  24 VI/., M. P.M 
SCALE: 1 IMCH = 1 MIlE
Traced from U.S.F.S. an d  U.S. G.5. m a p s , 0 * c . 1946
ciîaptx:r I I I  
TTIS FIELD PROCEDURE
This I n v e s t i g a t i o n  o f  a e r i a l  s e e n -a r o e  napping  
employed a f i e l d  t e s t  o f  fo u r  p h otograp h ie  n eth o d s  
s e l e c t e d  a s  r e p r e s e n t in g  p r a c t i c a l  e x tr e n e s  in  eq u ip n on t  
end te c h n iq u e .  Tho f i e l d  t e s t  was chosen  in s t e a d  o f  a 
t h e o r e t i c a l  s tu d y  b eca u se  i t  cou ld  answer nore o f  th e  
q u e s t io n s  reg a rd in g  p r a c t i c a b i l i t y  o f  th e  n e th o d s .
THE TEST AREA AIE) TEST PROCEDtJHK
The t o s t  a r e a .  An area  f o r  a f i e l d  t e s t  was 
s e l e c t e d  on th e  Lolo  : a t i o n a l  F o r e s t  i n  th e  d r a in a g e s  o f  
T.olo Greek, Howard Creek, F ish  C reek, C raves C reek, and th e  
South Fork o f  i o t t y  Creek (F ig u res  1 .and 2 ) .
The topography i s  n o d e r a t e ly  rough w ith  an average  
e l e v a t io n  o f  $ ,0 0 0  f e e t  above s e a - l e v e l  and a d i f f e r e n c e  
in  e l e v a t io n  o f  s l i g h t l y  over  2 ,6 0 0  f e e t .  S e v e r a l  d r a in a g e s  
o r ig in a t e  in  th e  area c u t t in g  i t  d eep ly  in  d i f f e r e n t  d i r e c ­
t i o n s  and p r o v id in g  a w ide v a r i e t y  o f  r e l i e f  f o r n s .  Hanping 
has been c o n p le te d  by the  G eneral Lend O f f i c e  and th e  Geo­
l o g i c a l  S urvey , and a top ograp h ic  nap com piled  by th e  V .  s .  
F o r e s t  S e r v ic e  in  192? i s  a v a i l a b l e  a t  th e  s c a l e s  o f  o n e -h a ] f  
and one in ch  to  the r i i l e .
A fu r th e r  c o n s id e r a t io n  in  s e l e c t i o n  o f  th e  area v;es 
i t s  a c c e s s i b i l i t y .  A w e l l  developed  s y s t c n  o f  f i r e  road s
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f a c i l i t a t e s  e n tr y  fo r  r e c o n n a is s a n c e  and cliocl By a ir>
th e  area i s  21 m ile s  on tr u e  azim uth 247°  from th e  iü s s o u l a  
County A ir p o r t .
P lan  o f  f i e l d  work. The p la n  fo r  th e  f i e l d  work p ro ­
posed two f l i g h t s  over the  t e s t  area  on t r u e  azim uth  270°  
from V.est Fork B u tte  Lookout; the f i r s t  f l i g h t  a t  an a l t i t u d e  
o f  7»500 f e e t  and the  second a t  9 ,5 0 0  f e e t ,  w ith  the  a ir p la n e  
operated  a t  i t s  minimum a i r  sp eed  o f  85 mph. On each  f l i g h t  
15 o b liq u e  photographs, spaced a t  1 2 -seco n d  i n t e r v a l s  w i th  a 
s to p  w atch , were to  be taken  w ith  each c a n e r a .  Thus, th e  
p lan  c a l l e d  f o r  the ta k in g  o f  30 h ig h  o b liq u e  a e r i a l  photo­
graphs a t  each a l t i t u d e ,  or a t o t a l  o f  60 p h o to g ra p h s .
The a ir p la n e  a v a i la b le  fo r  th e  t e s t  f l i g h t s  was the  
U. 3 .  F o r e s t  S e r v ic e  f o u r - p la c e  B e e o h c r a f t ,  UG 3021V, a low  
wing monoplane o f  th e  "Bonanza” ty p e .  The s t r u c t u r a l  ch a ra c ­
t e r i s t i c s  o f  the a i r c r a f t  a l lo w  photography from two p o s i t i o n s  
from the baggage door on th e  r i g h t  s id e  o f  th e  f u s e la g e  w ith  
the camera a t  an  a n g le  o f  a p p ro x im a te ly  100^ r i g h t  o f  th e  l i n e  
o f  f l i g h t ,  and from the r i g h t  f r o n t  s e a t  w ith  the  camera a t  
an a n g le  o f  a p p ro x im a te ly  3 7 .5 °  r i g h t  o f  the l i n e  o f  f l i g h t .
The p h otograp h ic  equipm ent s e l e c t e d  fo r  th e  t e s t  
r e p r ese n ted  extrem es in  b oth  p r e c i s io n  and c o s t  o f  o p e r a t io n .
A ::rrk Hurd, r i l ,  a e r i a l  camera w ith  an f / 4 . 5  Ooerz l e n s  o f  
8 .2 5  In ch es  f o c a l  le n g th  and u s in g  9"’x9" r o l l  f i l m  was tn be
1 6 .
used ttiroué^h the  open baggage co n p a rtn e n t  door and d e p re sse d  
a t  an a n g le  o f  2 5 .5 0  fr o n  the h o r iz o n .  The canera was f i t t e d  
w ith  a sp o t  bubble mounted on a wedge in  the  f i e l d  o f  the  
view  f in d e r  to  m a in ta in  th e  d e p r e s s io n  a n g le  and l e v e l  th e  
h o r iz o n  l i n e .
The camera s e l e c t e d  f o r  u se  from the r i g h t  f r o n t  s e a t  
was a Contax I I  m in ia tu re  w ith  a f / 2  Sonnar l e n s  o f  50 mm 
f o c a l  le n g t h  and u s in g  35 mm r o l l  f i l m .  I t  v;as to  be used  
w ith  the  l e n s  h e ld  a lm ost  a g a in s t  the  p l e x i - g l a s s  wind s c r e e n  
and d ep ressed  to  g iv e  th e  b e s t  h ig h  o b l iq u e  c o v e r a g e .
The t e s t  f l i g h t . The p lan  f o r  th e  f i e l d  work was 
execu ted  October 19 , 19 4 3 . The w eath er  a t  the r i s s o u l a  
County A irp ort a t  12:45  P* m ., rCT, was:
Temperature. 70° F.
Barom eter, 2 7 .9"  a t  e l e v a t i o n  3 ,1 8 6  f e e t .
V»'ind, dead c a l / i .
V i s i b i l i t y ,  r id g e  l i n e s  d i s c e r n i b l e  a t  15 m i l e s .
C louds, none.
The f l i g h t  s t a r t e d  e t  1 :30  p.m. w ith  Floyd Bowman 
as p i l o t ,  Ross .in g le  as  p hotographer in  the baggage com part­
ment ( a e r i a l  cam era), and Aubrey H aines as photographer in  
the r ig h t  f r o n t  s e a t  (35 mm cam era). The v i s i b i l i t y  improved  
as th e  a ir p la n e  g a in ed  a l t i t u d e ,  and a t  7 ,5 0 0  f e e t  d e f i n i t i o n  
o f  d e t a i l s  was good f o r  25 m ile s  or b e t t e r .
l e s t  Fork B u tte  was reach ed  a t  1 :5 3  p.m. and the f i r s t  
run was s t a r t e d  a t  7 ,5 0 0  f e e t  by th e  a l t i m e t e r ,  ^he p i l o t
17,
found 8 wind o f  8 mph fr o n  the so u th w est  and e s t i n a t e d  tru o  
speed a t  80 mph w ith  f l a p s  down*
Photographs were made w it h  the a e r i a l  camera on 
ISastinen Aero f i l m  (V/ost i speed 100) v?ith a Z-2 f i l t e r  a t  an 
a p ertu re  o f  f / 6 . 8  and a s h u t t e r  sp eed  o f  l /lO O  second* TJie 
40-pound camera was r e s te d  on a sponge rubber c u sh io n  to  
absorb en g in e  v ib r a t io n *
Photographs were made w ith  th e  35 nn camera on :3astman 
Pana to n ic  X f i l m  (Vfeston speed  24) w ith  a C-4 f i l t e r  a t  an 
a p ertu re  o f  f / 4*5 and a s h u t t e r  speed  o f  1 /1 2 5  second*
The photography term in ated  a t  a p o in t  d i r e c t l y  over  
Lolo  Creek and s o u th e a s t  o f  L olo  S p r in g s  Lookout a f t e r  approx* 
i n a t e l y  3*5 m inutes  o f  f l i g h t . o n  cou rse*  The a ir p la n e  th en  
clim bed to  an a l t i t u d e  o f  9 ,5 0 0  by the a l t i m e t e r ,  a r r i v i n g  
a g a in  over VJest Fork B u tte  a t  2 :09  p*m* During th e  f i v e  
m inutes req u ired  to  cone in t o  p o s i t io n  f o r  the second  run  
the 35 mm camera was load ed  w ith  a f r e s h  f i lm  m agazine w ith  
some tim e to spare*
The photography was r e p e a te d  on th e  second run, a f t e r  
which the a ir p la n e  re tu rn ed  to M issou la* The f l i g h t  ended 
a t  2:34  p*m*, w i th  th e  barom eter s t i l l  a t  27 .9"  a t  the County  
A irp o rts
DATA OBTAlMrX) AND OBSTACLKS i^MCOUUTi^KOT 
Data o b ta in e d .  A l to g e t h e r ,  14 n e g a t iv e s  o f  35 mn 
s i z e  and 13 o f  9"x9" s i z e  were o b ta in ed  on the f l i g h t  a t
13%
7 ,5 0 0  f e e t  «nd 13 n e g a t iv e s  o f  35 s i z e  and 6 o f  9 ”x9" s i z e
were ob ta in ed  on th e  f l i g h t  a t  9#500 f e e t .  In  a d d i t io n ,  8 
exp osu res  were nade w ith  the 35 fifi camera to  ch eck  c o v e ra g e  
o b ta in a b le  w ith  v e r t i c a l  fram ing and th e  p r a c t i c a b i l i t y  o f  
photography a g a in s t  the l i g h t .
The 9 "x9 " a e r i a l  photograph n e g a t iv e s  are numbered 
0- 1 -1  to  0- 1 - 1 3 , 10/ 19/ 4 8 , on the  7 ,5 0 0  f o o t  f l i g h t  and 
0 - 1 -1 4  to  0 - 1- 1 9 , 10 / 19/ 4 8 , on th e  9 ,5 0 0  f o o t  f l i g h t ;  th e y  
are f i l e d  a t  th e  N orthern Rooky fo u n ta in  F o r e s t  and Range 
Experiment S t a t io n  o f  th e  IT. S .  F o r e s t  S e r v i c e ,  î ü s s o u l a ,  
Montana #
The 35 p h o to g ra p h ic  n e g a t iv e s  a r e  numbered 1 -7500  
to  14- 7500. on the  7 ,5 0 0  f o o t  f l i g h t ,  and 1 -9500  to  13 -9500  
on the  9 ,5 0 0  f o o t  f l i g h t ;  th ey  are  r e ta in e d  by th e  e x p e r i ­
m enter.
C ontact p r in t s  were prepared from th e  9 "%9" n e g a t iv e s  
(F igure  3 ) ,  Rnd 5*13x en largem en ts  were prepared from th e  
35 rm n e g a t iv e s  (F ig u r e  4 )*
O b sta c le s  en co u n te r e d . N e ith e r  th e  f l y i n g  nor the  
photography was a o c o n p lish e d  e x a c t l y  e s  p la n n ed . The a i r c r a f t  
did n ot e n te r  the t e s t  co u rse  d i r e c t l y  over  "est Fork B u tte  
Lookout but a t  a p o in t  0 . 7  m i le s  so u th  o f  i t .  A ls o ,  th e  
so u th w est  wind o f  8 mph caused a d r i f t  to  th e  n orth  so  th a t  









A CONTACT PRINT FROM TJISGATXTJ) 0 -1 -1 3  
Taken a t  an a l t i t u d e  o f  7 ,5 0 0  f e e t  w ith  a Hark Hurd 
I I  a e r i a l  canera (8 ,2 5 *  I o n s ) ,  The nones o f  th e  p r i n c i p a l  
d ra in a g es  and c o n t r o l  p o in t s  are  shown (F ig u re  2 ) ,
-Vit-
'it* . .
V .  r' >. ' ¥ : ■
kÇ',
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A 5 . 1 ) 1  m^LARdur^^T rn o u  a  h i^gative
Taken a t  an a l t i t u d e  o f  7 ,5 0 0  f e e t  iv lth  a 35 m  
Centex I I  Genera (50 mn l e n s ) .  The names o f  th e  p r in c ip a l  
d ra in a g es  a re  shown (F ig u r e  2 ) .
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'Hie la r g e  a e r i a l  can era  proved d i f f i c u l t  to  o p e r a t e .  
The s p o t  bubble responded so a c t i v e l y  t o  the s n a i l  n o t io n s  
o f  th e  a ir p la n e  t h a t  i t  co u ld  n o t  be k ep t c e n t e r e d .  The 
t i f i in g  o f  the photographs was r e a so n a b ly  good on th e  f l i g h t  
a t  7 ,5 0 0  f e e t  b u t th e  canera was u n stea d y , r e s u l t i n g  in  
i n c o n s i s t e n c i e s  in  the l e v e l i n g  end d e p r e s s io n  a n g le  o f  th e  
in d iv id u a l  p h otograp hs , jin a ttem p t to s t e a d y  th e  camera 
b e t t e r  on the f l i g h t  a t  9 ,5 0 0  f e e t  d e la y e d  the photography  
so  t h a t  the s e r i e s  was n ot co m p le ted . Ihe  photographs  
taken on the f l i g h t  a t  9 ,5 0 0  f e e t  cou ld  n o t  be used in  t h i s  
i n v e s t i g a t i o n .
CîîAPTER IV 
THE OFFICE PROCEDURE
Only th e  photographs taken on the f l i g h t  a t  7 ,5 0 0  
f e e t  were used i n  the a n a ly s i s *  F i r s t  the f l i g h t  l i n o  and 
the  a i r  s t a t i o n s  were l o c a t e d ,  then  th e  in d i v id u a l  p h o to ­
graphs and s te r e o g r a p h ic  p a ir s  were s k e tc h e d ,  and f i n a l l y  
th e  map r e p r e s e n t a t io n s  o f  the  seen  a r e a s  were employed i n  
com parisons*
LOCATION OF THE FLIOHT IJÎTE
Two tec h n iq u e s  f o r  l o c a t i n g  the  f l i g h t  l i n e  were  
in v e s t ig a t e d ;  an ap proxim ation  based on th e  to p o g ra p h ic  map, 
and a more e x a c t  photogrammetrio s o lu t io n  s u i t e d  to  use w i t h  
any a c c u r a te  map*
A pproxinate l o c a t i o n * The ad van tages  o f  t h i s  p r o c e ­
dure are s i m p l i c i t y  and th e  f a c t  th a t  i t  can  be used w ith  
photographs w hich  are  d i s t o r t e d .  However, i t  i s  o n ly  
approxiraate b eca u se  o f  i t s  dependence on th e  a c c u r a c y  o f  th e  
top ograp h ic  nap, th e  a l t im e t e r  o f  the  a i r p la n e ,  and c o r r e c t  
map l o c a t i o n  o f  two p o in t s  shown on the o b l iq u e  p h otograp h .
The te ch n iq u e  was employed as f o l lo w s :  (1 )  O n e -h a lf  
the le n s  a n g le  was computed f o r  the  tamera used in  th e  photog.  
raphy* This was done by d iv id in g  the  le n g th  o f  th e  p r i n c i p a l  
l i n e ,  as measured from th e  n e g a t iv e  or o c o n ta c t  p r i n t ,  by
23.
twice the focal length of the len s, and then referring the 
quotient to a table of natural tangents to obtain the 
required angle. For the 9"i9" photograph 0-1-13 (Figure 3), 
the length of the principal lin e  P—P*, was 9.00 inches and 
the focal length of the lens was 8.25 inches, so that
The angle = tan”  ̂ s  tan-1 0.5454 = 28®36»28"
1Ô.50
Thus, 28®36*28** is  the half-angle required.
(2) The half-angle was plotted on a piece of tracing paper. 
This was readily accomplished by drawing a base lin e . A—B, 
and erecting a perpendicular to i t  at B. The distance A—B 
was then multiplied by the natural tangent of the angle to  
be plotted and la id  o ff on the perpendicular from B. A lin e  
from A through the point B* thus located became a side of the 
desired angle, which had for i t s  other side the lin e  A—B.
(3) The position of the principal point, PP, and the lower 
end of the principal lin e , P’, was plotted on cross-section  
paper at equal horizontal and v ertica l sca les, and a lin e  
was drawn across the sheet at the altitude o f the f lig h t .
(4) The tracing paper was placed over the cross-section  
paper and shifted  u n til one le g  of the plotted angle passed 
through the plotted position of PP, the other through the 
plotted position of P’, and the apex of the angle rested
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on the  l i n e  through th e  f l i g h t  a l t i t u d e .  The apex o f  the  
a n g le  then  occup ied  a p o s i t i o n  co rresp o n d in g  to t h a t  o f  th e  
canera a t  the  tim e th e  photograph v?as ta k e n . I t  was t r a n s ­
fe r r e d  to  th e  map by means o f  the s c a le d  d i s t a n c e  f r o n  P*, 
on the l i n e  PP—P * . The d e te r m in a t io n  o f  th e  a i r  s t a t i o n  
from w hich photograph 0 - 1-13  was taken  i s  diagrammed in  
F ig u re  5 .
In  t h i s  i n v e s t i g a t i o n  the  approxim ate tec h n iq u e  i s  
used f o r  th e  l o c a t i o n  o f  the f l i g h t  l i n e  b e c a u se  i t  can be  
used w ith  th e  35 mm e n la r g e m e n ts .  Any d i s c r e p a n c ie s  i n t r o ­
duced by dependence on th e  to p o g ra p h ic  map e r e  assumed to  
a f f e c t  e q u a l ly  the  fo u r  methods o f  mapping t e s t e d .  The 
f l i g h t  l i n e  and th e  a i r  s t a t i o n s  fo r  the f l i g h t  a t  7 ,5 0 0  f e e t  
are  p lo t t e d  on the map in  F ig u re  1 .  The d i r e c t i o n  o f  th e  
p r in c ip a l  l i n e  o f  each photograph i s  shown by th e  arrow .
Photogramm etrie l o c a t i o n .  This procedu re can be used  
w ith  p la n im e tr ic  maps and g iv e s  v e r y  good r e s u l t s  when employed  
w ith  d i s t o r t i o n - f r e e  c o n ta c t  p r i n t s .  However, i t  proved un­
s a t i s f a c t o r y  w ith  the  35 mm, 5 . 13% e n la r g e m e n ts ,  and s o  v/as 
n o t used in  t h i s  i n v e s t i g a t i o n .
The p h otogram n etr ic  t e c h n iq u e  i s  d e sc r ib e d  i n  d e t a i l  
in  th e  Appendix and an example o f  i t s  use  w ith  th e  9"x9" 
photographs i s  p r e s e n te d .
F  l i u h  f  o i t  î t u d e
FIGURE 5
LOCATION ÜF AIR STATION BY TUE APPROXILÎATE 
TECimiQUK FROM PHOTOGRAPH 0 -1 -1 3
(1) P o in t s  A, B and B* were p lo t t e d  on a s t r i o  o f  t r a c in g  
paper s o  t h a t  the apex a n g le .  A, was 28® 3^**
B-B** A-B tan  28036* =  1 . 6 4  in c h e s .
(2 )  P o in ts  P* and PP w ere lo c a te d  on th e  to p o g ra p h ic  nap  
by r e fe r e n c e  to  photograph 0- 1- 1 3 , and p lo t t e d  in  p r o f i l e  
a t  equal h o r iz o n t a l  and v e r t i c a l  s c a l e s .
(3 )  The t r a c in g  paper was novod u n t i l  A-B p assed  through  
P», A-B* through PP; A was on th e  l e v e l  o f  the  f l i g h t  
a l t i t u d e .  'Ihe p r o j e c t io n  o f  A on th e  nap lo c a te d  the a i r  
s t a t i o n  f r o n  which th e  photograph was ta k e n .
6 .
E f f e c t s  o f  in c o r r e c t  l o c a t i o n . No a b s o lu to  jieasura  
o f  the a ccu ra cy  o f  th e  f l i g h t  l i n e  l o c a t i o n  o b ta in ed  by th e  
approxim ate tech n iq u e  i s  a v a i l a b l e .  Any e r r o r  r e s u l t i n g  
from l o c a t i o n  o f  the  f l i g h t  l i n e  sh ou ld  a c t  e q u a l ly  upon the  
fo u r  methods t e s t e d .
At t h i s  p o in t  sone g e n e r a l i z a t i o n s  can be made re g a r d ­
in g  th e  natu re  o f  e r r o r s  in tro d u ced  by v a r i a t i o n s  i n  a l i g n ­
ment and a l t i t u d e  o f  f l i g h t .  The change i s  g r e a t e s t  in  the  
r e p r e s e n t a t io n  o f  a re a s  n e a r e s t  t h e  l i n e  o f  f l i g h t ;  the change  
in tr o d u c e d  by a v a r i a t i o n  in  a l t i t u d e  i s  much g r e a t e r  than  
t h a t  r e s u l t i n g  from an eq u a l v a r i a t i o n  in  a lig n m en t;  and th e  
r e l a t i v e  change i s  l e s s e n e d  by an in c r e a s e  in  f l i g h t  a l t i t u d e .  
In F ig u r e  6 th e  p e r c e n t  by which th e  r e p r e s e n t a t io n  o f  th e  
b l in d  area i s  changed i s  shown f o r  a l t i t u d e  changes o f  200 
f e e t  and l a t e r a l  d isp la c e m e n ts  o f  0 . 4  m i l e s .  Curves a r e  p r e ­
se n ted  f o r  a f l i g h t  a t  2 ,5 0 0  above th e  t e r r a i n ,  and a mask 
h e ig h t  o f  500 f e e t  a t  d i s t a n c e s  betw een  one end s i x  m i le s  
from the  f l i g h t  l i n e .
An a i r c r a f t  in  f l i g h t  i s  s u b je c t  to  c o n d i t io n s  which  
w i l l  n o t  a lw ays a llo w  h o ld in g  c o u rse  w i t h in  *  100 f e e t  v e r t i ­
c a l l y  and r i g h t  or l e f t  0 . 2  m ile  in  a l ig n m e n t ,  ev en  w ith  
s k i l l e d  p i l o t a g e .  A f l i g h t  l i n e  can p rob ably  be c o n s id e r e d  
r e p r o d u c ib le  o n ly  w i t h in  very  broad l i m i t s ,  a co n c e p t  w hich  
hos an im portant b e a r in g  on photograph i n t e r p r e t a t i o n .
0
10 20 30 
P er c e n t  o f  e r r o r
40
FIcaiRE 6
RELATIONSHIP BET\ÆEÎI DISTANCE OF lîASKlITC TOPOGRAPHY* 
AIR) PERC: ÎÎTAGS CHÆCJ IN BLIND DISTANCE PRODDCSD 
BY VERTICAL AND LATERAL I'OVENE'"T OF 
AN AIRCRAFT 2 ,500  FEET ABOVE THE TERRAIN
*Based on n a sk ln g  topography w ith  a h e ig h t  o f  500 f e e t  and 
90°  t o  l i n e  o f  f l i g h t .
1 ,  Due to  0 . 4  fJ.1o change In  o lig n c ien t
2 ,  Duo t o  200 f e e t  change In  a l t i t u d e .
2 8 .
INTSRI^RiDTATION OF THiS PHOTOGRAPHS
The photograp hs were in t e r p r e t e d  in  two v;ays: by
s k e t c h in g  from in d i v i d u a l  p hotographic  p r i n t s  w ith o u t  v i s u a l  
a id ;  and by s k e tc h in g  from s t e r e o s c o p ic  p a ir s  o f  p h o to g ra p h ic  
p r i n t s  v iew ed  through a m irror s t e r e o s c o p e .
I n d iv id u a l  p h otograp h s. I n t e r p r e t a t io n  o f  the  
c o n t a c t  p r in t s  and th e  35 mn, 5 . 13% en largem en ts  v/as accom­
p l i s h e d  by o c u la r  s k e tc h in g  v /ith  the a id  o f  a p la n im e tr ic  
map a t  th e  s c a l e  o f  one in ch  to  the m i le ,  or an R. F. o f  
1 : 6 3 ,  360 (F ig u re  2 ) .  3ach photograph was sk etch ed  s e p a r a t e ly  
on 0 s h e e t  o f  t r a c in g  paper (F ig u re  7 ) ,  th e  s e e n  area  was 
shaded g r e e n ,  and t i c k  marks were added to in s u r e  c o r r e c t  
o r i e n t a t i o n  i n  c o m p o s it in g .  S k e tc h in g  was done to  a 7 .5  m ile  
r a d iu s ,  w hich  i s  p rob ab ly  f a r t h e r  than an a e r i a l  o b se r v e r  
can be e x p ec te d  to  g iv e  adequate c o v e r a g e .
As p r e v io u s ly  m en tion ed , th e  term se e n  area was r e ­
d e f in e d  to  in c lu d e  th o se  a r e a s  l y in g  l e s s  then  one hundred  
f e e t  below  th e  l i n e  o f  s i g h t .  The purpose o f  t h i s  was two­
f o l d :  to  e l im in a t e  from th e  mapping th o se  sh a l lo w  b lin d  a r e a s
w hich  w ou ld , i f  s t r i c t l y  in t e r p r e t e d ,  in tr o d u c e  i n t o  th e  s e e n -  
a rea  map a c o m p le x ity  a l t o g e t h e r  ou t o f  p la c e  when c o n s id e r e d  
in  th e  l i g h t  o f  the v a r i a b i l i t y  o f  a i r c r a f t  f l i g h t ;  and, t o  
b a la n c e  a ten d en cy  to  e x a g g e r a te  th e  b l in d  a r e a s  in  s e e n -a r e a  
mapping. T h is tendency  i s  not p e c u l ia r  to a e r i a l  s e e n -a r e a
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napping but a l s o  ap pears i n  work done fr o n  ground p o i n t s .
S te r e o s c o p ic  p a ir s  o f  p h o to g ra p h s . The i n t e r p r e t a t i o n  
o f  th e  s te r e o g r a p h ic  p a ir s  o f  photographs was e c c o n p l is h e d  
i n  th e  same manner a s  fo r  in d iv id u a l  photographs e x c e p t  th a t  
a F a ir c h i ld  T e le - s t e r e o s c o p e  was used a s  a v i s u a l  a i d .  Only 
the  area o f  o v e r la p  was s k e tc h e d ,  so  t h a t  th e  area  mapped 
from a p a ir  was a p p ro x im a te ly  s i x  p er  c e n t  l e s s  than t h a t  
from an in d i v id u a l  photograph (F ig u r e  8 ) .
The 9 ”3c9” photographs were to o  la r g e  f o r  c o n v e n ie n t  
h a n d lin g  under th e  s t e r e o s c o p e  apd had to  be o r ie n te d  sepa­
r a t e l y  f o r  r i g h t  and l e f t  s i d e s .  I t  was a l s o  n: - i^nary to
r e - o r i e n t  t o  o b ta in  s t e r e o - v i s i o n  i n  th e  near foreground as
the b a se  was t o o  w id e  ( 0 .4 1  m i l e s ) .
The 35 mm, $.13% en largem en ts  a re  as  la r g e  a s  can be
c o n v e n ie n t ly  used  under the s te r e o sc o p e *
IJIJIÎÎÎRICAL Arm GRj\PHIC COÎ.ÎPARISOÎTÜ
The f o l lo w in g  n um erica l and g rap h ic  com parisons were  
d ev e lo p e d  as  b a se s  f o r  q u a n t i t a t iv e  m easurem ents.
Numerica1 co m p a r iso n s . The a c c u r a c ie s  o f  th e  methods 
t e s t e d  were compared by means o f  in d e x  numbers d eve lop ed  from  
the r e l a t i o n s h i p  between th e  sk e tch ed  a r e a s  and the a rea s  
found by p r o f i l i n g  from the  to p ograp h ic  map. For conven ­
i e n c e ,  th e  m easurements used i n  the com parisons were
B
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n ed eu ra iian ts  o f  the b l in d  d ia t a n o e s .  o ln o e  the b l in d  
d is ta n o e a  e r e  o o n p le u e n ta r y  t o  th e  seen  d i s t a n c e s ,  th e  
s o c u r o o ie s  o f  t h e i r  r e p r e s e n t a t io n s  e r e  e q u iv a le n t  but  
o p p o s i t e  i n  s ig n #
The n u n e r io a l  o o n p a r iso n s  were riade os f o l lo w s !  
a p r o f i l e  v/as prepared fr o n  th e  to p o g ra p h ic  nap l o c a t i o n  o f  
the  c e n t e r  l i n e  o f  th e  in d iv id u a l  photograph o r  s t e r e o s c o p ic  
p a i r ,  end the  h o r i z o n t a l  p r o j e c t io n s  o f  the b l in d  d i s t a n c e s  
more than 100 f e e t  below  the l i n e  o f  s i g h t  were measured in  
m ile s  and hundredths f o r  a d i s t a n c e  o f  7«5 m i le s  f r o n  the  
f l i g h t  l i n e .  Then t h e  b l in d  d i s t a n c e s  shovm on th e  s k e tc h  
were n e e s u red on th e  c e n te r  l i n e  t o  o b ta in  th e  t o t a l  b l in d  
d is t a n c e  napped. B l in d ‘ d i s t e n c e s  on the s k e tc h  w hich  c o i n ­
c id e d  w i t h  b l in d  d i s t a n c e s  on the p r o f i l e  were n e x t  meosurod 
t o  d eterm in e  the c o r r e c t l y  sketched  d i s t a n c e s .  The r a t i o  o f  
th e  c o r r e c t l y  sk etch ed  to the t o t a l  f r o n  the p r o f i l e  i s  an 
e x p r e s s io n  o f  th e  adequacy o f  th e  nap r ing  and i s  c a l l e d  
r a t i o  A. The r a t i o  o f  the t o t a l  sketched  to  the t o t a l  fr o n  
the p r o f i l e  i s  an e x p r e s s io n  o f  th e  under or o v er  flapping  
and i s  c a l l e d  r a t i o  B , (F ig u r e  9)#
R a t io  A i n d i c a t e s  f u l l y  adequate napping  a t  1 .0 0  and 
e n t i r e l y  in a d eq u a te  mapping a t  0 .0 0 ;  r n t i o  B la  a l s o  p e r f e c t  
a t  1 . 0 0 , v /ith  any f i g u r e  below  th o t  in d i c a t i n g  under-napping  
and any a b o v e , over-m ap p in g . The n e c e s s i t y  f o r  two r a t i o s
F i g u r e  9
C o m p u t a t i o n  Of  R a t i o s  A a n d  B  F r o m  
A C h e c k  P r o f i l e .,  P h o t o g r a p h  0 - 1 - 1 3
In fer*rr»3 a-j b l i n d  d i s t a n c e :
R o + io A = "0" = 0 . 7 9 8
R o + i o  B = a I . 8 6 3  
P
P ro f i le d  from mop P= 1.24
C o r r e c t l y  s k e t c h e d C - 0.99"
T o t a l  s k e t c h e d T*- T- T -  2.31'
Distance, in miles
 ̂ The lines T \  r e p r e s e n t  i-he b iin d  d is ta n c e s  OS m o p p e d  btj ocuJor
on  //?<? c e n te r //'n e ^  o f  p h o ^ o ^ t'o p h  O ' h / 3 .
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a r i s e s  b eca u se  n e i t h e r  a lo n e  e x p r e s s e s  a l l  the f o o t s .  For  
exam p le , i f  th e  e n t i r e  area  o f  a photograph i s  mapped as 
b l i n d ,  g iv in g  7*5 m i l e s  on the  c e n te r  l i n e ,  and the  p r o f i l e  
shows o n ly  1 .0  m i l e ,  th en  r a t i o  A becomes 1 .0 0  f a l s e l y  i n d i ­
c a t i n g  p e r f e c t  mapping and Ig n o r in g  th e  e x c e s s .  A gain , i t  
i s  p o s s i b l e  t o  have a r a t i o  B o f  1 .0 0  where th e  area mapped 
i s  eq u a l t o ,  b u t  n o t c o in c id e n t  w i t h ,  th e  tru e  b l in d  area*
The two r a t i o s  were combined in  an in d ex  number fo r  
p u rp oses  o f  com parison* V/here B was l e s s  than 1 .0 0 ,  the two 
r a t i o s  were added and the a r i th m e t ic  mean taken  a s  the in d ex ;  
b u t when B was o v er  1 * 0 0 , th e  r e c ip r o c a l  v a lu e  was added to  
r a t i o  A and th e  a r i th m e t ic  mean taken* The in d e x  i s  n o t  
e n t i r e l y  s a t i s f a c t o r y  a s  a n um erica l com parison b eca u se  i t  
r e s u l t s  in  e x a g g e r a t io n  in  any c a se  where the r a t i o s  are  
v e r y  d i s s im i la r *  The in d e x  was used o n ly  w ith  s t a b l e  means 
where a f i n a l  coi. e r i s o n  was requ ired *
Graphic com p arison s. The d e te r m in a t io n  o f  the  e f f e c t s  
o f  m u l t ip le  coverage  and the  optimum sp a c in g  f o r  photographs  
on the l i n e  o f  f l i g h t  was approached through two grap h ic  
com parisons*
The e f f e c t s  o f  m u lt ip le  co v era g e  on the mapping done 
from th e  9 ”x9 ” photographs wore d eterm ined  by s e l e c t i n g  an 
area  common to  a l l  the p h otograp h s . C o n p o sito s  were then  
made showing th e  s e e n  area  as  mapped from 2 , 3 , U, 5 , 7 , and
35.
13 p h o to g ra p h s , co rresp o n d in g  t o  th e  s p e c in g s  o f  4 . 9 6 , 2 . 4 8 , 
1 * 6 5 , 0 . 8 3 ,  and 0 .4 1  m i l e s ,  r e s p e c t i v e l y ,  (F ig u r e  1 0 ) .  The 
per c e n t  o f  se e n  area  shovm on each  com p osite  was used in  a 
com parison  o f  th e  e f f e c t s  o f  m u lt ip le  c o v e r a g e .
The e f f e c t s  o f  m u lt ip le  c o v e r a g e  on th e  mapping done 
from 35 mm, $ . 13% en largem en ts  was determ ined  in  th e  same 
manner. In  t h i s  c a s e  i t  was n e c e s s a r y  to  use an area common 
t o  o n ly  7 p hotographs as the narrow l e n s  a n g le  o f  th e  35 mm 
camera p rev en ted  more than th a t  number o v e r la p p in g  on th e  
same a r e a .  C om posites were made f o r  2 , 3 ,  4 ,  and 7 p h otograp h s ,  
c o r r e sp o n d in g  to  sp o o in g s  o f  2 . 3 2 , 1 . 1 6 , 0 . 7 7 , and 0 . 3 9  m i l e s ,  
r e s p e c t i v e l y .
The r e l a t i o n s h i p  botv;een photograph sp a c in g  and th e  
u n i t  c o s t  o f  mapping was determ ined  through t h e  u se  o f  
c o v e ra g e  diagram s showing t h e  e x t e n t  and c h a r a c te r  o f  the  
c o v e ra g e  a f fo r d e d  by d i f f e r e n t  s p a c in g s .
Diagrams were prepared f o r  the 9**x9^ photographs f o r  
s p a c in g s  o f  4 .9 6 ,  2 .4 8 ,  and 1 .6 5  m i le s  (F ig u re  1 1 ) .  The 
c o v e r a g e  a t  1 .6 5  m i le s  vms s o  co m p le te  th a t  no c l o s e r  sp a c ­
in g s  were r e q u ir e d .  A s t r i p  a p p ro x im a te ly  1 .1  m i le s  wide  
a d ja c e n t  to  th e  f l i g h t  l i n e  was c o n s id e r e d  dead sp ace  below  
th e  a n g le  o f  th e  camera l e n s .  A c t u a l ly  th e  dead sp ace  
v a r i e s  w ith  th e  s e p a r a t io n  between the camera and th e  
t e r r a i n .  Data o b ta in ed  from  the c o v era g e  diagrams were used
FIGURE 10
COIiPOSITliS USED TO COIÎPARS ÎJULTIPLE COVERAGES
N ote: The t o t a l  connon area  I s  A .37 square n i l e s ,  thus
th e  p er  c e n t  o f  se en  area  I s ,
a: 3 . 9 6  «  9 0 .6 9 3 .7
C om posites are  from o c u la r  s k e tc h e s  made from 9*’x9" 
photographs ta k en  a t  7 ,5 0 0  f e e t #
Double
5 i ngl e
FIGUKU 11
CüVuRAGJ DIACT?a:î for 9"x9'TnCT0GRAlI!3 
(8 .25"  L:1IS), s:'AC ID AT 4 .9 6  IDL’üS 
A!TD FCRI'^L TO D!3 LI’TE OF FLIGHT
.( I
S in g le  f 58.0^ Double, 10.6^5 T o ta l ,  6 8 . 6^̂
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to  p l o t  cu rv es  o f  th e  r e l a t i o n s h i p  betw een  photograph sp a c ­
in g  end th e  d egree  o f  area co v era g e  (F ig u r e  1 2 ) ,
Diagrams were prepared f o r  th e  35 rm photographs f o r  
s p a c in g s  o f  2 .2 4 ,  1 .1 2 ,  and 0 ,5 6  m i l e s .  The narrow l e n s  
a n g le  o f  th e  35 cim canera In creased  the  dead space t o  1 .6  
a l l é s .  The d ata  o b ta in ed  were used to p lo t  a curve s im i la r  
to  th e  one f o r  the 9 "%9 " p h otograp h s .
C om posites w ere a l s o  used a s  b a se s  f o r  a sy stem  o f  
r a t in g  the I n t e n s i t y  o f  co v era g e  o b ta in e d  by a moving 
d e t e c t o r .  A s e l e c t i v e  c o m p ila t io n  o f  s e e n -a r e a  s k e tc h e s  
made from 35 mm, 5 , 13% en largem en ts  1 .1 2  m i le s  ap art was 
u s e d .  The co v e ra g e  I n t e n s i t i e s  were In d ic a te d  by c o lo r in g  
the  zon es  a cc o r d in g  t o  th e  l e n g t h  o f  time th e y  were under 
o b s e r v a t io n .  T h is  r a t in g  sy stem  was not d eve lop ed  beyond 
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F I G U R E  I S
A n  A e r i a l  S e e n -A r e a  m a p  S h o w ik io  In t e n s i t y  
O p  C o v e r a g e  B y  Z o n e s  F o r  3 5 m m  P h o t o *  
Cs O mm  L e n s )  A l i g n e d  3 7 ^ *  R i g h t  '
A {
/ 9 T ^‘
< c >
L e l e  S p r i n g s  L .O
*P*ce
C o lo r  Coveroc^e M i n u t e s
R e d  s ing le  0 . 6 3 6
O ronge  double  I * 6 7 2
G lu e  t r i p l e  2 * 5 0 8
G r e e n  guodruple  3 * 5 4 5
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HI:«STjLTS OF TÎIS INVESTIGATION
The r e s u l t s  o f  t h i s  i n v o s t i g s t i o n  o f  a e r i a l  s e e n -  
area  mapping are p res en te d  in  t h r e e  groups;  the f i r s t  
concerned w i t h  a c c u r a c y ,  the  second w i th  c o s t ,  and the th ir d  
w i t h  t e c h n i q u e .  An a p p r a i s a l  o f  th e  data l e a d s  to  the  con­
c l u s i o n  th a t  a method o f  s e e n -a r e a  mapping by o cu la r  s k e t c h ­
i n g  from h igh  o b l i q u e  a e r i a l  photographs p r o v id e s  a s a t i s f a c ­
t o r y  t e c h n iq u e .  H eco m en d a t io n s  are  xiade re g a rd in g  f u r t h e r  
s t u d i e s  n eed ed .
C O î T A H I S O r r  o k  / . C C N R A C I M S
The a c c u r a c i e s  o f  photographic  methods of  a e r i a l  
s e e n - a r e a  napping were determined by (1) comparison o f  numer­
i c a l  r a t i n g s  computed f o r  th e  four netl^ods under c o n s i d e r a t i o n ,
(2)  g r o s s  comparison o f  the  r e p r e s e n t a t i o n  ob ta in ed  by photo­
g r a p h ic  methods w ith  t h a t  obta ined  by p r o f i l i n g  f r o n  th e  
to p o g ra p h ic  map, and (3) comparison o f  the  a c c u r a c i e s  o f  
p h o to g ra p h ic  methods w ith  the accuracy  o f  r^ r p ln g  done from  
ground p o i n t s  in  th e  same a r e a .
r i io to g r a p h ic  methods.  IIUTiierlcal r a t i n g s  are  g iv e n  
f o r  i n d i v i d u a l  photograph i n t e r p r e t a t i o n s  in  Tables  I ,  I I ,
I I I > and IV, Table V su m ia r iz e s  the  r a t i n g s  f o r  the  fo u r  
methods on t h e  b a s i s  o f  the a r i th m e t i c  means o f  the r a t i o s
TADIS I
AHALY3IS OK AO'S ’’ ,CY CK I'ROTOGl^a n  IMTTaTR lTlTIOM  
BY OCUL/iR 3ri2TCHIIlG KHOi: 9"% 9" COT!TACT TRITT3
4 2 .
I f i l e s  b l in d  on c e n t e r l i n e
Photographs l a p
P r o f i l e
C o r r e c t ly
Sketched
T o ta l  R a t io  ! 
Sketched
^ a t io  1)2
0 - 1 - 1 0 .8 2 0 . 3 7 1 .0 3 0 .4 5 2 1 .2 5 5
0 - 1 - 2 0*39 0 . 0 8 0 .7 1 0 .2 0 5 1 .8 2 0
0 - 1 - 3 1 .1 4 0 .2 9 1 .0 8 0 .2 5 4 0 .9 4 7
0 —1—4 0 . 6 0 0 . 4 7  ' 1 .3 4 0 .7 8 3 2 .2 3 0
0 —1—5 0 .7 8 0 .5 8 1 .6 0 0 .7 4 4 2 .050
0 - 1 -6 0 .7 5 0 .4 3 0 .6 4 0 .5 7 5 0 .8 5 3
0 - 1 - 7 0 . 6 4 0 .6 3 2 .0 1 0 .9 8 4 3 .1 4 0
0 - 1 - 3 1 .0 9 0 .9 6 2 .3 7 0 .8 8 1 2 .175
0 - 1 - 9 1 .9 3 1 .7 5 2 .9 0 0 .8 3 3 1 .4 6 5
0 - 1 - 1 0 1 .8 4 1 .1 8 2 .4 8 0 .6 4 1 1 .3 4 8
0 —1—11 1 .0 6 0 .6 5 1 .3 2 0 .6 1 3 1 .7 1 7
0 —1 —12 1 .8 3 1 .2 1 2 .3 1 0 .6 4 4 1 .2 2 9
0 - 1 - 1 3 1 . 2 4 0 .9 9 2 .3 1 0 .7 9 8 1 .8 6 3
T o t a l 8 .4 5 5 22 .0 9 2
ITean 0 .6 5 0 1 .6 9 9
^Thia r a t i o  i s computed by d i v i d i n g the m i le s o f  b l in d
d ia ta n o o  c o r r e c t l y  sk e tch ed  by th e  t r u e  m i l e s  o f  b l in d  d i s ­
ta n c e  o b ta in e d  from the  map p r o f i l e .
Th is  r a t i o  i s  computed by d i v i d i n g  th e  t o t a l  m i l e s  
o f  b l i n d  d i s t a n c e  sk e tch ed  by th e  true  m i l e s  o f  b l in d  d i s t a n c e  
o b ta in e d  from th e  nsp p r o f i l e .
4 3 .
TABLE I I
ANALYSIS OF ACCÜRACY OF T'IIOTOGRAPH INTERPRETATION 
BY STEREOSCOPIC SIUTCHINC FROÎT 9"x9" CONTACT PRINTS
N i l a s  b l i n d  on c e n t e r l i n e
P hotographs I'ap
P r o f i l e
C o r r e c t ly
Sketched
T ota l
Sketched R a t io  A R a tio  B
0 —1—112 0 . 3 0 0 .1 6 0 .7 8 0 .5 3 3 2 .6 0 0
0 - 1 - 2 , 3 0 .5 7 0 . 4 2 0 . 7 4 0 .7 3 7 1 .2 9 9
0 - 1 - 3 , 4 0 . 6 1 0 .3 8 0 .5 7 0 .6 2 2 0 .9 3 4
0 - 1 - 4 , 5 0 .9 9 0 . 6 1 0 .6 8 0 .6 1 6 0 .6 8 7
0 - 1 - 5 , 6 0 .7 3 0 .5 2 0 .8 2 0 .7 1 2 1 .1 2 2
0 - 1 —6 , 7 0 .9 6 0 .8 4 0.T3 0 .8 7 5 0 .9 6 8
0 - 1 - 7 , 8 1 .4 3 0 . 9 8 1 .5 1 0 .685 1 .0 5 5
0 - 1 - 8 , 9 1 . 6 6 0 .9 1 1 .3 8 0 .5 4 8 0 .8 3 1
0 - 1 - 9 , 1 0 1 .9 3 1 .2 5 1 .9 8 0 .6 4 7 0 .9 9 4
0 —1—1 0 ,1 1 1 .4 2 0 .9 5 1 .5 1 0 .6 6 9 1 .0 6 2
0 - 1 - 1 1 , 1 2 1 .3 6 0 .9 9 1 .6 2 0 .7 2 7 1 .1 9 1
0 —1—1 2 ,1 3 1 .8 1 1 .3 1 1 .8 2 0 .7 2 4 1 .0 1 0
T o ta l
l.’ean
8 .0 9 5
0 .6 7 5
1 3 .7 5 3
1 .1 4 6
if4>
TABL3 I I I
AHALYSI3  OP AOCÜRACY OP HIOTOGRAHI INTERPRETATION 
BY OCULAR KKaTCHim  FROM 3 5  I1H , 5 . 1 3 % UnLARGffiEKTS
Photograph
M ile s  b l i n d  on c e n t e r l i n e  
Map C o r r e c t ly  T o ta l  
P r o f i l e  Sketched  Sketched
R a t io  A R a t io  B
1 -7 5 0 0 1 .2 6 0 . 6 7 0 .7 0 0 .5 3 2 0 .5 5 6
2 -7 5 0 0 0 .9 2 0 .2 2 0 .9 5 0 .2 3 9 1 .0 3 3
3 -7 5 0 0 0 . 5 4 0 .1 5 0 .9 0 0 .2 7 3 1 .6 6 7
4 -7 5 0 0 1 . 4 4 0 .7 3 1 .0 3 0 .5 0 7 0 .7 5 0
5-7 5 0 0 1 .8 3 0 .7 3 i . i i 0 .3 9 8 0 .6 0 6
6 -7 5 0 0 1 .4 5 0 . 9 2 1 .1 8 0 .6 3 4 0 .8 1 3
7 -7 5 0 0 2 .3 4 1 .5 5 1 .8 8 0 .6 6 2 O.8O3
8 -7 5 0 0 2 .5 8 1 .8 2 2 .3 7 0 .7 0 5 0 .9 1 8
9 -7 5 0 0 2 .0 4 1 .8 2 2 .2 4 0 .8 9 2 1 .0 9 8
1 0 - 7 5 0 0 1 .9 7 1 . 7 2 2 .28 0 .8 7 2 1 .1 5 7
1 1 -7 5 0 0 2 ,6 6 1 .9 1 2 .3 2 0 .7 1 8 0 .8 7 2
1 2 -7 5 0 0 2 .7 4 2 .0 1 2 .0 9 0 .7 3 4 0 .7 6 2
1 3 -7 5 0 0 2 .7 4 2 .1 3 2 .2 8 0 .7 7 7 0 .8 3 2
T o t a l
Mean
7 .9 4 8
0 .6 1 1
1 1 .8 1 7
0 .9 0 9
4 5 .
TABLE IV
AI,'AI-YSIS OF ACCLEACY OF I'liOTOGRAPH lîîTERI'RlîTATIOH 
BY STERE02C0PIC GKETCKim FEOIl 35 IIÎ, 5 .13X EKLAROEiraiTS
M ile s b l i n d  on c e n t e r l i n e
Photographs J'ap
P r o f i l e




R atio  A R a t io  D
1 , 2  -7 5 0 0 0 .9 7 0 .7 3 1 .2 3 0 .7 5 2 1 .2 6 8
2 , 3  -7500 1 . 0 4 0 .4 2 1 .3 0 0 .4 0 4 1 .2 5 0
3 , 4  -7 5 0 0 0 .7 9 0 . 6 2 1 .6 0 0 .7 8 5 2 .025
4 , 5  -7500 1 .7 7 1 .0 4 1 .8 7 0 .5 8 7 1 .0 5 6
5 , 6  -7 5 0 0 2 .1 7 1 .3 4 1 .7 7 0 .6 1 7 0 .8 1 5
6 , 7  -7 5 0 0 2 .1 0 1 .4 6 2 .15 0 .6 9 5 1 .0 2 3
7 , 8  -7 5 0 0 2 .6 1 1 .8 4 2 .0 6 0 .7 0 4 0 .7 8 9
8 , 9  -7 5 0 0 2 .2 9 1 .8 9 2 .2 5 0 .8 2 5 0 .9 8 2
9 , 1 0 - 7 5 0 0 2 .0 8 1 .9 0 2 .2 1 0 .9 1 3 1 .0 6 2
1 0 , 1 1 -7 5 0 0 2 ,4 2 1 .8 5 2 .3 7 0 .7 6 4 0 .9 7 9
1 1 ,1 2 - 7 5 0 0 2 .5 1 2 .11 2 .8 6 0 .8 4 0 1 .1 3 9
1 2 ,1 3 - 7 5 0 0 2 .9 4 2 .7 8 3 .0 2 0 .945 1 .0 2 7
T o ta l 8 .7 7 9 1 3 .4 1 5
liean 0 .7 3 2 1 .1 1 8
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TABI^ V
COilPARISON OF ACajRACY OF 1 HOTOGF.ArH INTSRl’RRTATIOIia
BY FOUR riüIÎIODS 
(Summery d a te  from Tables  I ,  I I ,  I I I ,  end IV)
Fethod R a tio  A R a t io  B Index
Ocular s k e t c h in g :
9"%9" c o n t a c t  p r i n t s 0 .6 5 0 1 .6 9 9 0 .6 1 9
35 nn en largem ents 0 .6 1 1 0 .9 0 9 0 .7 6 0
S tereoscop ic  sketching;
9 ”x 9 ” c o n t a c t  p r i n t s  
35 en largem ents
0 .6 7 5
0 .7 3 2
1 .1 4 6
1 .1 1 8
0 .7 7 6
O .8I 3
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ana t h e  in d e x  nuabers ob ta ined  froi:  th e n .  The worh o f  
i n t e r p r e t s t i o n  wss a c c o n p l i s h e d  i n  the s a n e  order i n  vThioh 
the  n e th o d 3 are  l i s t e d .
ih e  in d e x  numbers i n d i c a t e  th a t  e b ia s  nay have been  
in tr o d u c e d  by th e  i n c r e a s e  in  s k e t c h in g  p r o f i c i e n c y  a s  th e  
work p r o g r e s s e d ,  d e s p i t e  p r e c a u t io n s  taken t o  o l i / i i n s t e  such  
an e f f e c t .  In  p a r t i c u l a r ,  th e r e  was c o n s id e r a b l e  o v e r -  
mapping i n  the  f i r s t  group, as shown by the B r a t i o s  in  Table  
I .  I t  i s  probable  t h a t  the  r a t in g  f o r  o c u la r  s k e t c h in g  from 
9^x9^ photographs would have been h ig h e r  on th e  b a s i s  o f  
e q u a l  s k e t c h i n g  p r o f i c i e n c y .
B e t t e r  r e s u l t s  were obta ined  by s t e r e o s c o p i c  s k e t c h i n g ,  
b u t  n o t  enough b e t t e r  to j u s t i f y  the in c r e a s e  in  c o s t  o f  
i n t e r p r e t a t i o n .  In  g e n e r a l ,  i t  apoears th a t  p e r s o n a l  s k i l l  
i n  i n t e r p r e t i n g  the  photographs i s  a more im portant  f a c t o r  
i n  t h e  r e s u l t s  o b ta in ed  than i s  the type  o f  photograph or  
th e  method o f  i n t e r p r e t a t i o n .  Any photograph vjîth good d e f i ­
n i t i o n  cen  probably  be used s a t i s f a c t o r i l y .  There appears  
to  b e  no s i n g u l a r  d i f f e r e n c e  in  the  methods on the  b a s i s  o f  
a c c u r a c y .
r r e f i l i n g  from to  nog rap hi  o iis p. The o n ly  co^.peris  on 
p o s s i b l e  between the photographic  methods o f  a e r i a l  s e e n -  
area  napping  and p r o f i l i n g  from th e  topographic  nap was a 
g r o s s  com parison  o f  the  r e p r e s e n t a t i o n  o f  a connon a r e a .
U B .
HU Bren o f  4*37 square r i i l e s  i c  cornon to  the 13 p h o to -  
’̂raphs o f  9 * *  s i z e *  i» se en -n re a  nap prepared f r o a  p r o f i l e s  
spaced  and d i r e c t e d  in  the cane nenr er  a s  the photop;raphs, 
shoned a s e e n  area  o f  3 .0 1  square n i l e s ,  or 0 7 .2  per c e n t .
In  Table VI th e  aeon area napped by o c u la r  sk e tc h in g  i n c r e a s e s  
frori  9 0 .6  per c e n t  v/hero txvo photographs are  u se d ,  t o  9 3 .8  
per c e n t  where 13 are  u s e d .
yor the  35 photographs an area o f  4 .2 6  square n i l e s  
i s  connon to  7 p hotograp hs .  In  t h i s  c a s e  the  p r o f i l e d  seen  
area  i s  2 .6 3  square  n i l e s  or 6 1 .7  per c e n t .  Table ’̂ /II shoves 
t h a t  th e  s e e n  a re s  napped by o c u la r  si e t c h in g  i n c r e a s e s  f ro n  
6 8 . 7  p er  cen t  ivhero tv;o photographs are used ,  t o  7 0 .6  per  
c e n t  where 7 ore  u sed .
In b o th  c x a n p le s ,  napping f r o i  photographs r e p r e se n te d  
the s e e n  area a s  l a r g e r  than found by p r o f i l i n g .  This i s  to  
b@ e x p e c te d  as  the  canera v iew ,  l i k e  huusn v i s i o n ,  i s  e cone  
which a l l o w s  sono Marginal s i g h t  behind any o b j e c t  n o t  e x a c t l y  
on th e  c e n t e r l i n e .  The c l o s e  agreeriont o f  the  r e p r e s e n t a t i o n s  
o f  tho seen  a r e a s  napped by photographic  nethods w i th  th o se  
d e t e r n in o d  by p r o f i l i n g  i n d i c a t e s  th a t  the  r e l i a b i l i t y  o f  
s e e n - a r e a  nano produced by s l : e tch in g  f r o n  photographs nay  
be h ig h e r  than the num erica l  r a t i n g s  su pp ose .
rap p ing  f r o n  ground n o i n t s . A c o n p o r iso n  o f  tho  
n u j ic r ic a l  r a t i n g s  for tiie four  nethods  o f  a e r i a l  s e e n -a r e a  
rvepping wi th s i a i l s r  r a t i n g s  f o r  s e en -a r ea  nan p ing  done
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TABLi*: VI
JCFFÆCT OF IHLTIPL15 COViiRAGS OU THI Kil'RiiSENTATION 
OF TUK SiSKI.' AREA BY OCl L̂AR ETC RING FROM 
9"X9" niOTOGRAPHS
Nuiaber o f  s e p a r a te  
p hotographs  





P e r c e n t  o f  
t o t a l  s een
13 4 .3 7 4 . 1 0 9 3 .8
7 4 . 3 7 4 .0 4 9 2 .4
5 4 .3 7 4 .0 3 9 2 .2
4 4 .3 7 4 .0 3 9 2 .2
3 4 . 3 7 3 .9 6 9 0 .6
2 4 . 3 7 3 .9 6 9 0 .6
5 0 .
TABLji VII
i-l’FiJCT OF OTLTI3L3 COViiRAGE ON THE REFBi2Si23TATION 
OF THE GESfî AREA BY OCT!Lj\R EITETCHINO FRO::
35 :-3: riTOTOGRAFHG





sq . m iles
üoen area 
in
sq. a l i o s
Percent
of
t o t a l  seon
7 4 .2 6 3 .0 1 7 0 .6
U 4*26 2 .9 5 6 9 . 2
3 4*26 2 .9 7 6 9 . 7
2 4 .2 6 2 .93 6 8 . 7
5 1 .
f r o n  f^round p o in t a  g i v e s  a b a s i s  f o r  f u r t h e r  a p p r a i s a l  o f  
th e  accuracy  o f  p h o to g ia r M o  nath ods .  The s e e n -a r e a  fiaps 
f o r  two lo o k o u t s  s i t u a t e d  in  the  t e s t  area wore obta ined  
and p r o f i l e s  prepared a t  20® I n t e r v a l s  as  the b a s i s  f o r  
n u n e r i c a l  ra t in g *
The lo o k o u t s  used were Lolo : Springs and Vest Fork 
Butte*  The napping v;«s done i n  1934 by 7!. '2, H offland  u s in g  
th e  t e c h n iq u e  developed  by Lloyd Hornby i n  F ire  C ontro l  
H a n n i n g  in  tho Northern Rocky f o u n ta in  R eg ion . % b le  VIII  
shovjs t h e  r a t i n g s  f o r  12 check l i n e s ,  6 f ro n  each lo o k o u t ,  
i n  the  t e s t  area* The r a t i n g s  fo r  Lolo  Spr ings  lo o k o u t  
(chock  l i n e s  A through F) , vhr.j ct the napper vmrked f r o n  an 
e s t a b l i s h e d  s t a t i o n ,  g iv e  an index  nunber o f  0 . 9 4 2 .  Hie 
r a t i n g s  f o r  / e s t  J’̂ ork B u tte  (checli  l i n e s  C through L ) , v;hich 
was n o t  a lo o k o u t  a t  the t i n e  the  napping was done, g i v e  an 
in d e x  nunber o f  0 .7 9 4 .  e s t  Fork Butte  p resen ted  no p a r t i c ­
u l a r  napping p rob len  as the  p o in t  i s  a rocky r id g e  f r e e  o f  
laasking timber; h e n c e ,  i t  i s  re a so n a b le  to  suppose th a t  work 
done under more d i f f i c u l t  c i r c u n s t a n c e s ,  a s  f r o n  a t r e e  t o p ,  
would show an even lower r a t i n g .
The r e s u l t s  o f  t h i s  i n v e s t i g a t i o n  i n d i c a t e  t h a t  the  
a c c u r a c y  o f  photographic  methods o f  a e r i a l  s e e n -a r ea  mapping 
i s  from 5 to  25 per ce n t  l e s s  than the accuracy  ob ta ined  by 
an e x p e r ie n c e d  napper working under good c o n d i t i o n s  from a
ground - o i n t .
5 2 .
TABLE V I I I
ANALYSIS OF ACCTTBAOY OF S2T2T-ARL:A rAI PINa FROI:
TJÜ GRoinn) r QUITS*
n i l e s b l in d  On check l i n e R a t io  A R a t io  U
Chock l i n e ^ Kap
p r o f i l e
C o r r e c t ly
sk e tch ed
T o ta l
sk e tch ed
A 5 .4 5 4 .8 3 5 .4 3 0 .8 3 6 0 .9 9 6
D • 6 . 7 2 6 .4 6 6 .7 6 0 .9 6 2 1 .0 0 5
C 5 .5 5 5 .3 3 6 . 0 7 0 .9 6 0 1 .0 9 2
D 6 .4 9 6 .1 5 6 .3 2 0 .9 4 7 0 .9 7 3
IS 4 . 8 4 4 .0 5 4 . 7 2 0 .8 3 7 0 .9 7 5
F 4 .7 5 4 . 2 2 5 . 1 2 ■ Û. .9 1 .0 7 8
G . 4 . 9 8 4 . 9 4 5 .3 8 0 -989 1 .0 8 0
Il 4 . 9 9 4 . 4 9 6 .2 1 0 .8 9 9 1 .2 4 2
I 2 .4 2 2 .3 3 5 .0 9 0 .9 6 2 2 .1 0 2
J 4 . 4 8 4 . 1 6 5 .0 0 0 .9 2 8 1 .1 3 0
y. 2 .7 5 1 .7 9 3 .4 2 0 .6 5 1 1 .2 4 3
L 2 .7 0 2 .5 5 4 . 9 8 0 .9 4 4 1 .8 5 0
T o t a l 1 0 .8 5 3 1 4 .8 4 6
Kean 0 .9 0 4 1 .2 2 0
♦Based on work done by R# Hofflmnd, usinfr the t e c h ­
n iq u e  d ev e lo p e d  by Lloyd Kornby.
^Check l i n o s  a t o  F, i n c l . ,  are  f r o n  Lolo  S pr ings  Look­
out  ( s e e n - a r e a  s tu d y  110 ,  Lolo  TTntlnnal F o r e s t ) ,  and check  
l i n e s  O t o  L, I n c l . ,  are  fro n  ' e s t  Fork B u tte  Lookout (seon-  
erea  Ptudy 11 7 ,  Lolo I la t io n a l  F o r e s t ) .
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coîTî^aH iaon OF ü î î i t  c o g ts
The u n i t  c o a t s  o f  photographic  methods o f  a e r i a l  s e e n -  
area  mapping were determined by (1) comparison o f  the  u n i t  
c o s t s  f o r  the  f o u r  methods under c o n s i d e r a t i o n ,  (2)  compari­
son  o f  t h e  u n i t  c o s t s  o f  photographic  nethods  w i t h  probable  
c o s t s  f o r  th e  Coeur d 'A len e  method, and (3) comparison o f  the  
u n i t  c o s t s  o f  photographic  methods w ith  th o s e  f o r  mapping 
done from ground p o i n t s .
P hotograp h ic  n e t h o d s , The comparison o f  accuracy  d id  
n ot  show a s i g n i f i c a n t  in c r e a s e  i n  accuracy  w i th  s t e r e o s c o p i c  
i n t e r p r e t a t i o n  o f  t l ie  photographs .  However, Table 1% shows 
t h a t  t h e  c o s t  o f  i n t e r p r e t i n g  the photographs i s  m a t e r i a l l y  
i n c r e a s e d  by the  use  o f  th e  s t e r e o s c o p e .  The i n c r e a s e  
amounts to  41 per c e n t  f o r  th e  9"dC9" photographs and 111 per  
c e n t  f o r  th e  35 m  en la rg em en ts .  The two methods o f  napping  
em ploy ing  s t e r e o s c o p i c  i n t e r p r e t a t i o n  were n o t  c o n s id er e d  
f u r t h e r  s i n c e  i t  was apparent  th a t  th e y  c o s t  to o  much in  
r e l a t i o n  to  any i n c r e a s e  i n  accuracy  gained f r o n  t h e i r  u s e .
The problem rem aining  v;as th e  d e te r m in a t io n  o f  tho 
c o s t  per square  m i l e  f o r  a e r i a l  s e e n -a r e a  mapping by the  two 
methods em ploying  o cu la r  s k e t c h i n g .  The c o s t  c o n t a i n s  two 
e le m e n ts :  f i x e d  c o s t s  r e p r e se n te d  by a i r c r a f t  and camera 
r e n t a l s ,  s a l a r y  o f  the  photographer and p r o j e c t  ex p en ses ;  
and, v a r i a b l e  c o s t s  re p r ese n te d  by f i l m  and p r o c e s s in g  c o s t s ,  




COITARISOH OF COST OF rKOTOGRAHÎ INTSRT-RETATICIIS
BY FOUR ITSTUODS
i lethod Tine in  
Minutes
Cost* Area in  
s q .  n i l e s
Cost  j
sq .  rij
O cular  s k e t c h i n g  fron :
9" x9” c o n t a c t  p r i n t s 30 : 0 .7 5 0 2 7 .9 1 ^'0.027
35 en la r g em en ts 15 0 .3 7 5 1 4 .3 2 0 .0 2 6
r t o r e o s c o p i c  s k e t c h in g fro n :
9**x9’’ c o n t a c t  p r i n t s 40 1 .0 0 0 2 6 .4 5 0 .0 3 8
35 mm en la r g em en ts  ^ 30 0 .7 5 0 1 3 .6 2 0 .0 5 5
*Coriputod a t  tha r a t e  o f  ÿ l . $ 0  per hour .
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The c o s ts  fo r  the 9*%9" oanera, not includ ing  
In te r p r e ta t io n , are;
(1) Fixed c o s t a ,  per m inute ,
B e e c h c r a f t ,  4 - p l 8 o e  "Bonanza” vjith
p i l o t  and f u e l ,  0 1 2 .5 0  per h r . , 0 0 .2 0 8
Mark Hurd I I ,  9"x9’* a e r i a l  camera,
$ 1 4 .0 0  per day, 0 .0 2 9
A e r i a l  photographer,  Ç2.22 per h r .0  0 .0 3 7
T o t a l ,  0 .2 7 4
(2) V a r ia b le  c o s t s ,  per  photograph,
9"x9” a e r i a l  f i l m ,  0 2 7 .3 6  per r o l l ,  0 .2 7 4
D ev e lo p in g ,  ^4 .0 0  per r o l l ,  0 .0 8 0
T r i n t i n g ,  0 .4 5 0
T o t a l ,  O.8O4
The c o s t s  f o r  tho 35 am camera, not in c lu d in g  
i n t e r p r e t a t i o n  are:
(1 )  F ixed  c o s t s ,  per m inute ,
B e e c h c r a f t ,  4 - p l a c e  "Bonanza" w i t h
p i l o t  and f u e l ,  - 1 2 . 50 per h r . ,  $ 0 ,2 0 8
Contax,  35 mm ( f / 2 ,  50 mm, or  f / 8 ,
28 rm) , camera a t  1 p e r  c e n t ,  0 .0 0 1
A e r i a l  photographer,  $ 1 .5 0  per h r . ,  0 .0 2 5
T o t a l ,  0 .2 3 4
(2 )  V a r ia b le  c o s t s ,  per photograph,
Panatomic X, 35 f i l m ,  0 0 .9 0  per
36 exp .  r o l l ,  0 .0 2 5
D e v e lo p in g ,  $ 1 .5 0  per  r o l l  0 .0 4 2
E n la r g in g  to  5.13%, 0*250
T o t a l ,  0 .3 1 7
5 6 .
Table X c o n v e r t s  f i x e d  end v a r i a b l e  c o s t s  t o  c o s t s  
per sq uare  m i l e  o f  n a p p in g .  Addit ion  o f  the c . f  photo­
graph i n t e r p r e t a t i o n  f r o n  Table IX g i v e s  the t o t a l  c o s t  per  
square  n i l e .  The t o t a l  c o s t s  f o r  s e v e r a l  n ethod s  and photo­
graph s p n c in g s  a r e  g iv e n  in  Tables  >11 and >CTI.
The c o s t s  f o r  tj^e 9 ’’x 9 ” caaera  are g iv e n  f o r  on ly  
one s i d e  o f  th e  f l i g h t  l i n e  because  i t  i s  i n p r o c t i c a l  to  
photograph two s i d e s  w i t h  such heavy eq u in n e n t .  However,  
the  c o s t  p e r  square m i le  co a p eres  f a v o r a b ly  w ith  the  c o s t  
o f  mapping dona w ith  the 35 camera. Table >1111 g i v e s  
th e  u n i t  c o s t s  computed f o r  the  35 nm camera w i th  a 28 nn 
l e n s .  The data  were based e n t i r e l y  upon the broader c o v e r ­
a g es  p o s s i b l e  v^ith the  28 nm l e n s ;  no t e s t  photographs were  
taken  w i th  i t  i n  t h i s  i n v e s t i g a t i o n .
Coeur d * \ l e n e  method. A ctua l  c o s t  data f o r  th e  
a e r i a l  s e e n -a r e a  napping done on the  Coour d*/;lene r a t i o n a l  
F o r e s t  were not  a v a i l a b l e  but an e s t i n o t e  based on the  
t e c h n iq u e s  employed was made.
P r o f i l i n g  f r o n  a topograph ic  nap can be done a t  t h e  
r a t e  o f  1 . 1  n i l e s  o f  p r o f i l e  per n i n u t e .  Thus, t h e  c o s t  
por n i  l e  o.r ^^rofile i s  m0 . 0 2 3 , w i th  la b o r  a t  <1.50 per hour .  
; i t h  p r o f i l e s  spaced one m ile  a p a r t ,  the  c o s t  o f  p r o f i l i n g  
b eco n es  .0 .0 2 3  per square m i l e .  To t h i s  n u st  be added the  
c o s t  o f  the chc.o by o b s e r v e r - s k e t c h i n g .
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T.i.iLlS X
n.YiKG Ti:!i2 an)  n n n i jn  of M!orccF.;u'!io .'.n at so m : , *
BY TO K A"0 OVACTJ.C, OF TILOTOOR;/ Bü
Catiera ï h o to r rsp h s  
and photor.raph per
s p a c in g  square f i l lo
riyinfT t i i io  
One s i d e  
a in u t e a
aq. n i l e  
'̂•;0 s i d e s  
n in u t o s
9 " x 9 ” , 8 . 2 5 " l e n s : ^
4 . 9 6  x i l l e a 0 . 0 3 8 0 .1 4 4 5
2 .4 3  n i l e s 0 . 0 6 6 2 0 .1 2 3 1
1 .6 8  n i l e s 0 .1 2 6 2 0 .1 1 7 5
35 nn ,  50 x l e n s  : ^
2*24 n i l e s 0 .1 0 7 1 0 .1 9 7 7 0 . 0 9 8 8
1 . 1 2  n i l e s 0 .1 9 8 0 0 .1 8 3 0 0 .0 9 1 4
0 .5 6  roilos 0 .3 3 9 2 0 .1 7 8 0 0 .0 8 8 9
35 nn» 28 nn l o n s : ^
2 .2 4  n i l e s 0 .0 7 8 0 0 .1 3 3 7 0 .0 6 7 8
1 . 1 2  n i l e s 0 .1 2 1 0 0 .1 2 7 7 0 .0 6 3 8
*?or e speed o f 150 mph. n u l t i p l y  v a lu e s by 0 . 533 .
^Genera a x i s  v l \ :?,ned 90^ fr o n  the l i n e  o f  f l i f : h t .
2cacara  a x i s  allrnrnJ ; : 7 . f  f r o n  tho  l i n o  o f  f l l p h t .
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U i L i i T I O i r J i i l P  B w T . ' C a i  P H C T O C Î R A T ’K  S l ' A C I I I G  ATH) C O S T *  
O F  î t A i r i î ’O  w ' l T H  A  9 "  X  9 "  C / M Æ A  8 . 2 5 "  L W S
A L I G M j n  9 0 °  F H O Î '  Ï 1 1  i  F L I G H T  I . I T ' i S
S pac ing Cost  per square n i l e Cost per square m ile
In n i l o s a t BO nph a t 150 nph
One s i d e Two s i d e s One s i d e Two s i d e s
4 .9 6 ::0.093 '0 .0 5 2 ———
2 .4 3 0 .1 1 4 —- — 0 .0 6 1
1 .6 5 0 .1 6 1 ——— 0 .0 8 6
5 9 .
TADi.: : : i i
H:3..'iTionr:i!iP I'Botoohapit 3 P ,.c r 'f:  conT*
Gi<' ü u r i î ’G ,'ITH A 35 ::: "I'ni 50
LE;!S hLIC1T:.D 3 7 .5 °  FHOJ TîIj; FIJOIîT I I îIT:
o p a c in g  
i n  f i l l e s
Cost per  
a t
square r i l l  a 
80 nph
Cost  per  
s t
square n i l e  
150 nph
One s i d e Two s i d e s One s i d e Two s i d e s
2 . 2 4 fO .107 Ù0.084 ; 0 .0 5 7 ‘0 .0 4 5
1 . 1 2 0 .1 3 7 0 .115 0 .0 7 3 0 .0 6 1
0 ,5 6 0 .1 7 6 0 .1 5 5 0 .0 9 4 0 .0 8 3
6 0 .
T.vBLE n i l
HEI.ATIOnü!’.!?  IHOTOCRArH <31 A.CIT'G .W) C0:3T*
OF rrAi'PiiiG "ITH A 35 c/>:n’:u  " i t h  28 is t
LETTS ,,LIGTTJD 3 7 . 5 °  FROIl TRX FIJGIIT LITO
Spacing Cost par square m ile Cost per Square mile
in  m ile s a t 80 mph at 150 nph
One side TVjo s id e s One s id e  I\?o s id e s
2 . 2 4 :;0.082 JO.066 :':0.044 ""0.035
1 . 1 2 0 .0 9 4 0 .0 7 9 0 .0 5 0  0 i 042
6 1 .
I f  f l y i n g  i s  based on th e  r e n t a l  o f  t h e  B e e c h c r a f t ,  
4*<*place "Bonanza* used i n  t h i s  i n v e s t i g a t i o n ,  th e  r a t e  fo r  
th e  a i r c r a f t  i s  ÿO.208  per  n i n u t e .  However, r e n t a l s  on th e  
a i r c r a f t  a c t u a l l y  used v a r ie d  from $ 20 .00  t o  {?40.00 per  hour  
or $ 0 .3 3 3  t o  ( 0 . 6 6 6  per  n i n u t e .  The r a t e  f o r  the o b se r v er  i s  
$ 0 .0 2 5  on th e  b a s i s  o f  $ 1 .5 0  p er  h o u r .  At a speed o f  80 mph, 
th e  c o s t  p er  square  n i l e  f o r  the  o b s e r v e r - s k e t c h i n g  i s  $ 0 .0 1 2  
where th e  B e e c h c r a f t  i s  u s e d ,  and < 0 .018  end SO.034» r e s p e c ­
t i v e l y  f o r  the two a i r c r a f t  w i th  h ig h e r  r e n t a l s .  The Coeur 
d 'A le n e  method, on th e  b a s i s  o f  t h e  lo w e s t  a i r c r a f t  r e n t a l ,  
c o s t s  v 0*035 p er  square m i le  w ith  the o b ser v er  ch ec k in g  a 
s t r i p  15 n i l e s  wide* A comparison o f  t h i s  minimum c o s t  w i t h  
the  f i g u r e s  i n  Tables  X I,  X II ,  and X II I  shows th a t  th e  m in i ­
mum c o s t  o f  p h o to g ra p h ic  mapping v a r i e s  from $0 .0 3 5  to  $ 0 .0 5 2 ,  
depending  on t h e  t e c h n iq u e  employed.
Mapping from ground p o i n t s . The c o s t  o f  photographic  
n e t h o d s  o f  s e r i a l  s e e n -a r e a  raapping can b e s t  be judged by  
com parison  w i t h  the c o s t  o f  s e e n -a r e a  mapping done from 
ground p o i n t s .  The North Idaho F ir e  Survey^ p r o v id e s  data  
on the  c o s t s  o f  such mapping f o r  s i m i l a r  t e r r a i n  c o n d i t i o n s .
^Mass, Fred I I . , "Plan sum m arizat ion ,  Forth  Idaho F ir e  
Survey ,  1 9 3 4 - 3 5 , ” (Aü(o)FC and TP, Degion I ,  S .  F o r e s t  
S e r v i c e ,  M is s o u la ,  i 'o n ta n a ) ,  unnumbered summary s h e e t .
6 2 .
The p r o j e c t  c o n s i s t e d  in  t h e  mapping o f  423 p o in t s  coverin^^
3 ,4 1 6  square  n i l e s .  The c o s t  was ^ 2 $ .4 7  per p o in t  wMch i s  
eq u a l  t o  ÿ 0 .1 0 3  per square Ddle on th e  b a s i s  o f  40 per ce n t  
s e e n  area  (282 square n i l o s )  per p o i n t .  That f i p u r e  i s  f o r  
1934 And i« is t  be doubled to nake i t  co n p areb lo  w ith  the  c o s t  
determ ined  i n  t h i s  i n v e s t i g a t i o n .  Thus, f 0 .2 0 6  per square  
n i l e  i s  th e  probable  c o s t  o f  e q u i v a l e n t  s e e n - a f e a  napping s t  
t h e  p r e s e n t  t i n e .
The c o s t  per square n i l e  f o r  the  Iiorth Idaho F ire  
Survey  c o n t a in s  t h r e e  o le n e n t s :  n en p in g ,  3^#^^; t r a v e l  t im e ,  
4 3 , 479; and s u p e r v i s i o n ,  17,7*^, S ince  the c o s t s  computed f o r  
the photographic  ne thod s  do not  in c lu d e  t r a v e l  t i n e  and su p e r ­
v i s i o n ,  0 f a i r  comparison can o n ly  be made on the b a s i s  o f  
mapping c o s t s .  The napping c o s t  f o r  s e e n -a r e a  nanping from 
grojnd  p o in t s  should  be c o n s id e r ed  s s  00 .053#  This i s  a 
s e v e r e  c r i t e r i o n  but  one which photographic  s e e n -a r e a  mapping 
con meet aa T ab les  and XII show.
COinViPIFOlI OF CQYJ,VtAC>'V3
The co v era g e s  o b ta in ed  by tho s e v e r a l  n e th o d s  o f  
a e r i a l  s e e n -a r e a  napping were d etern in od  by (1) comparison  
o f  the  e f f e c t  o f  sp a c in g  on th e  i n t e n s i t y  o f  covorage ob­
t a i n e d ,  end ( 2 ) co n p a r iso n  o f  the coverage  d i s t r i b u t i o n  a s  
a f f e c t e d  by the  photograph a n g l e .
i i l f f s c t  o f  s p a c in g .  The i n t e n s i t y  of the coverage
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o b ta in e d  i s  in p o r t a n t  in  two v^eys: i t  a f f e c t s  the  r o l i o b i l i t y
o f  th e  nap r e p r e s e n t a t i o n  o f  the seen  srcf ’s ,  en<5 i t  p r o v id es  
a i/ieans f o r  r a t i n g  the  e f f e c t i v e n e s s  o f  s e r i a l  d e t e c t i o n .
The r e l a t i o n s h i p s  between photograph spac ing  and tho i n t e n s i t y  
o f  co v e r a g e  o b ts in e d  by th e  photogrenhic  nethods  o f  nsnping  
a re  shown in  Tables  7CIT, end %VI. The coverage  cannot  
roach  100 per c e n t  b eca u se  o f  the dead space below the l e n s  
a n g l e .  The a l lo w a n ce  f o r  dead sn ece  i s  1 4 .4  por c e r t  f o r  t i e  
8 . 2 5 ” and 23 m  l e n s e s ,  and 2 6 .7  per c e n t  f o r  the  50 ivi i o n s .  
The e l l o  ’ance i s  probably  in  e x c e s s  o f  th e  a c t u a l  dead space  
i n  n o s t  i n s t a n c e s .  The spac ing  a used in  Tablo :CT7 are  conven-  
i o n t  u u l t i p l e s  o f  the  average d i s t a n c e  between the 9 ”x 9 ” 
photographs ( 0 .4 1 3  r i l e s ) . The anocingo used in  Tables  ZY 
and XVI a re  n u l  t i p i  es  o f  0 .2 8  n i l e s .
Tile no a t  o c o n o n ic a l  sp a c in g  f o r  the  photographs on 
the  l i n e  o f  f l i g h t  was d e te rn in e d  by neans o f  an a r b i t r a r y  
d e c i s i o n  r e g a rd in g  the i n t e n s i t y  o f  coverage  n e c e s s a r y .  The 
co v e ra g e  d ec ided  upon was n i n e - t e n t h s  o f  double or b e t t e r  
over  the napped a r e a .  In  Table "IV, on ly  the  sp a c in g  o f  1 .6 5  
n i l e s  gave  such coverage  (7 7 -5  t  ^5*5 -  O.9 0 6 ) ,  hut i n  Table  
X I,  the  xdniiiiun c o s t  f o r  t h a t  sp a c in g  vms TO.086 nor square  
n i l e ;  a f i g u r e  c o n s id e r a b ly  above the onount f o r  ground 
raapping (: 0 . 0 5 3 ) *  Thus, the use  o f  o c u la r  s k e tc h in g  f r o n  
9"x9” Dhotographs v;as e l  In ina  tod as too  c o s t l y .
eu.
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8 .2 5 "  LIFTS 
FLIGHT
Cpaoing  
In  m i l e s
Per  ce n t  o f  area covered
Single' Double T r ip le  ■'.undruple f T o ta l*
4 . 9 6 5 8 .0 1 0 .6 6 8 .6
2 . 4 8 2 4 .3 3 5 .2 2 1 .4 8 0 .9
1 .6 5 8 . 0 1 5 .8 1 6 . 4 4 5 .3 8 5 .5
*CovoroG8 cannot  exceed ^5*6 per c e n t
^Based on a s t r i p  7 .5  frdles \^ide, o f  which l U . U  per  
c e n t  i s  c o n s id e r e d  doad s p a c e .
6 5 .
TABLlî XV
HSLATIOnSKIP 1J3T.^KT’,N 1 riOTOGRATTI GT'ACIIIG AKD CHAR.’.CT'CR 
OF C0V.!;RAG:S OF A 35 î‘î i  CAIû R-i '.'IT Ii 50 ÎH  IJiTTS 
AI..IGHÆ» 3 7 . 5 °  FROÎÎ m:i L I î : J  07  FLIGKT
Spacin^y  
i n  n i l e s
P e r  c e n t  o f  a r e a  c o v e r e d ^
S i n g l e D o u b l e T r i p l e p ,u a d ru p le  -f T o t a l *
2 . 2 k 2 9 . 9 3 3 .0 0 .8 6 3 .7
1 . 1 2 1 0 . 2 1 3 . 2 2 3 .2 2 2 .2 6 3 .8
0 . 5 6 4 . 5 4 . 9 5 .3 5 6 .4 7 1 .1
^C ovoragQ  c a n n o t  e x c o e d  7 3 * 3  p e r  c e n t .
^ B a s e d  on  a s t r i p  6 . 0  n i l e s  w i d e ,  o f  v ; h ic h  2 6 . 7  p e r  
c e n t  i s  c o n s i d e r e d  d e a d  s p a c e #
66 •
TABLE XVI
IlE L ji'’; iO IT n i!IP  BlAP./EEÎT I liO T O aE A I’ÎI S I 'A G IÎia  >aiD CHAÎL.GT.îH
CF COV%RAGi; OF /i 35 is :  .' is ii  28 ; t: l  
3 7 . 5°  FROr TKll lITill CF FLIGHT
IpaolnR 1 e r  ce n t  o f  era a oovared^
i n  n i l e s T i n g l e Double T r ip le '^.up.lruplo 4 T ota l*
2 .2 5 1 8 .  U 2 8 .3  3 1 .7 0 . 1 7 3 .8
. 1 . 1 2 7 . 0 9 . 2  1 1 .5 5 4 .9 8 2 .6
^Govorege oannot exceed  8^ .6  por c e n t
^B esed  on a Atrip 6 . 0  n i l e s  wide, o f  which 1 4 .4  per  
c e n t  i s  c o n s id e r e d  dead s p a c e .
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C on t in u in g  w ith  Table  XV, o n ly  the snaoing o f  O.5 6  n i l e s  
c a v e  th e  d e s i r e d  co v e r a g e  . ( 6 6 . 6  f  7 1 .1  = 0 , 936 ) ,  but a g a in  
tho  c o s t  f o r  t h e  sp a c in g  -ivas to o  h i g h .  (OO.O83 per square  
iJiile i n  Table  X I I ) .  The u se  o f  the 35 mn caiiera w i t h  the 50 
l e n s  was s I s o  e l i m i n a t e d .
In  Table  XVI, th e  s p a c in g  o f  1 . 1 2  m i l e s  gave the d e s ir e d  
c o v e r a g e  ( 7 5 . 6  f  8 2 .6  % 0 .9 1 5 )  » and in  Table X III  the  c o s t  
o f  the s p a c in g  was found t o  be ô;0.042 per square  n i l s .  Thus, 
t h e  u s e  o f  o c u l a r  s k e t c h i n g  from 35 mm photographs taken vjith  
a 23 mm l e n s  and spaced 1 . 1 2  m i l e s  a p a r t  a long the  f l i g h t  
l i n e  appeared t o  be w i t h i n  th e  a l l o w a b le  l i m i t s  o f  c o s t .
The u se  o f  a tech n iq u e  which i n s u r e s  double  or b e t t e r  
co v e r a g e  over  n i n e - t e n t h s  o f  the napped area makes the  manned 
r e p r e s e n t a t i o n  o f  the se en  a r e a s  more r e l i a b l e .  In  a d d i t i o n ,  
i t  p r o v id e s  a means f o r  r a t i n g  the i n t e n s i t y  o f  coverage  in  
t e r n s  o f  t h e  l e n g t h  o f  t i n e  any p o r t io n  o f  the  area i s  under  
o b s e r v a t i o n  by the  s e r i a l  o b s e r v e r .  A n  oxariple o f  i n t e n s i t y  
o f  c o v e r a g e  r a t i n g  i s  sho^m in  / i g u r e  1 3 .  I t  was d eve loped  
from the o c u l a r  s k e t c h e s  made from 35 -CTi nhotogranhs taken  
w ith  the  50 mil l e n s ,  and i s  based on a soao in g  o f  1 .1 2  m i l e s .  
The u se  o f  an adequate  sp a c in g  ( 0 ,5 6  m i l e s  f o r  the  50 mm 
l e n s )  would have i r i a l l ^  acreased  the i n t e n s i t y  o f  c o v ­
e r a g e  shown.
The v a lu e  o f  r a t i n g  the  i n t e n s i t y  o f  coverage  l i e s  in
6 8 .
t h e  c o m p a r i s o n  w h i c h  i t  n a k e s  p o s s i b l e  b e t w e e n  a e r i a l  d e t e c ­
t i o n  e n d  g r o u n d  d e t e c t i o n .  On t h e  b a s i s  o f  I 5 0  s q u a r e  n i l e s  
o f  s e e n  a r e a  f o r  a g r o u n d  s t a t i o n  o f  a v e r a g e  c o v e r a g e ,  and  
8 t i n e  o f  2 0  m i n u t e s  f o r  a c o m p l e t e  s w e e p  o f  t h e  t e r r a i n ,  
t h e  c o v e r a g e  p e r  m i n u t e  i s  7*5  s n u a r e  n i l e s .  The l e n g t h  o f  
t i m e  r e q u i r e d  b y  a n  a e r i a l  o b s e r v e r  t o  g i v e  e q u a l  c o v e r a g e  
a t  a s p e e d  o f  8 0  n p h ,  i s  2 9 * 5  t  7 * 5  =  3 * 9 3  m i n u t e s ;  w h e r e  
2 9 . 5  i s  t h e  a p p r o x i n a t e  number o f  s q u a r e  m i l e s  w i t h i n  a 
v i s u a l  a n g l e  o f  6 0 °  t o  a r a d i u s  o f  7 . 5  m i l e s .
Tho r a t i n g  o f  i n t e n s i t y  o f  c o v e r a g e  c a n n o t  b e  g i v e n  
a d e q u a t e  t r o a t n e n t  i n  t h i s  i n v e s t i g a t i o n ,  and la u s t  r e m a i n  
f o r  f u t u r e  s t u d y .
C o v e r a g e  d i s t r i b u t i o n . A n o t h e r  i m p o r t a n t  c o n s i d e r a t i o n  
w a s  t h e  d i s t r i b u t i o n  o f  t h e  c o v e r a g e  o b t a i n e d  b y  m e t h o d s  o f  
a e r i a l  s e e n - a r e a  m a p p i n g .  The tw o  earners a n g l e s  e m p lo y e d  
y i e l d e d  c o v e r a g e  p a t t e r n s  w h i c h  w e r e  e n t i r e l y  d i f f e r e n t .  
P h o t o g r a p h s  t a k e n  w i t h  t h e  l e n s  a l i g n e d  1 1 0 °  f r o m  t h e  f l i g h t  
l i n e  y i e l d e d  c o v e r a g e s  w h i c h  v;ero m o s t  i n t e n s e  n e a r  t h e  
o u t e r  e d g e s  o f  t h e  f l i g h t  s t r i p .  P h o t o g r a p h s  t o k e n  v j i t h  t h e  
l e n s  a l i g n e d  37*5® f r o m  t h e  f l i g h t  l i n e  y i e l d e d  c o v e r a g e s  
w h i c h  v;ere  m o s t  i n t e n s e  nidv^oy b e t w e e n  t h e  f l i g h t  l i n e  and  
t h e  o u t e r  e d g e  o f  t h e  s t r i p .
R e f e r e n c e  t o  F i g u r e  6 s h o w s  t h a t  t h e  e f f e c t  o f  f l i g h t  
e r r o r s  i s  g r e a t e s t  n e a r  t h e  f l i g h t  l i n e .  Thus t h e  c n n e r a  
a n g l e  w h i c h  g i v e s  t h e  b e s t  c o v e r a g e  n e a r  t h e  f l i g h t  l i n e
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ap pears  p r e f e r a b l e .  The m u l t i p l e  coverage  then s t r e n g t h e n s  
the  nap represent®  t i  n a t  the  p o in t  v?here i i o s t  n eed ed .
CHAPTER VI 
SIM.ÎARY AND RECOMÎENDAXIONS
Summary« This  i n v e s t i g a t i o n  o f  p hotograp h ic  methods  
o f  a e r i a l  s e e n -a r e a  napping was undertaken to  d ev e lo p  a 
t e c h n iq u e  which w i l l  p r o v id e  a s a t i s f a c t o r y  nap b a s i s  f o r  
p la n n in g  a e r i a l  d e t e c t i o n  r o u t e s  and c o v e r a g e s .  The problem  
c o n s i s t e d  in  d e v e lo p in g  and a p p r a i s in g  photographic  methods  
o f  a e r i a l  s e e n -a r e a  napping by (1 )  comparison o f  the  r e l a t i v e  
a c c u r a c i e s  o f  the s e v e r a l  methods; (2 )  d e te rm in a t io n  o f  the  
c o s t s  o f  th o s e  methods which appeared f e a s i b l e ;  end (3)  
c o n s i d e r a t i o n  o f  o th e r  f a c t o r s  which might  a f f e c t  the  u t i l i t y  
o f  the tech n iqu e#
A p r a c t i c a l  s o l u t i o n  appeared to  be s k e t c h  napping  
from o b l iq u e  a e r i a l  photographs taken a t  i n t e r v a l s  a long  
t h e  proposed f l i g h t  route*  The apparent  ad vantages  o f  such  
a s o l u t i o n  were t h a t  i t  cou ld  be used w ith  any r e a s o n a b ly  
a c c u r a t e  map, would p r o v id e  a permanent record o f  the o b s e r ­
vers*  v ie w ,  and would a l lo w  the s k e t c h in g  to  be done i n  the  
o f f i c e  under good working c o n d i t i o n s .
The i n v e s t i g a t i o n  c o n s i s t e d  o f  a f i e l d  t e s t  fo l lo w e d  
by an o f f i c e  a n a l y s i s  o f  the r e s u l t s .  The f i e l d  t e s t  was 
made by f l y i n g  over  an area on L olo  Creek, Lolo N a t io n a l  
F o r e s t ,  and photogranhing  the t e r r a i n  w i th  two cameras,  a 
9**x9’* Nark Hurd and a 35 mm C o n ta i ,  r e p r e s e n t i n g  extremes
7 1 .
In  p r é c i s i o n  and c o s t  o f  o p e r a t i o n .  Photographs were taken  
a t  a p p r o x im a te ly  0 . 4  m i le  i n t e r v a l s  a lo n g  a p red e ter n in e d  
r o u t e  f i v e  m i l e s  i n  l e n g t h .  The la r g o  a e r i a l  camera was 
used from th e  open baggage compartment door a t  an a n g le  o f  
100^ r i g h t  o f  the f l i g h t  l i n e  and d e p re s sed  25.5® from the  
h o r i z o n .  The s m a l l  35 camera was used from the  r i g h t  
f r o n t  s e a t  o f  the a i r p l a n e  w ith  i t s  a x i s  a t  an a n g le  o f  37.5®  
r i g h t  o f  the f l i g h t  l i n e .
The two ty p e s  o f  photographs o b ta in ed  on t h e  t e s t  
f l i g h t  were i n t e r p r e t e d  by two methods,  o c u la r  sk e tc h in g  and 
s t e r e o s c o p i c  s k e t c h i n g ,  both based on a dra in age  map o f  the  
a r e a .  The i n t e r p r e t a t i o n s  o f  the  s e e n -a r e a s  were then com­
pared w i t h  p r o f i l e s  from the  topographic  map to determ ine  
th e  r e l a t i v e  a c c u r a c i e s  o f  the four  co m b in a t io n s .  T^nit c o s t s  
were computed f o r  t h o s e  t h a t  appeared f e a s i b l e ,  and o th e r  
f a c t o r s ,  such as the optimum sp a c in g  o f  the  photographs,  
e f f e c t  o f  the camera a n g le ,  and f l i g h t  speed were c o n s id e r e d .  
A com parison  v/as a l s o  made between a e r i a l  s e e n -a r e a  mapping 
and s e e n - a r e a  mapping done from ground p o i n t s .
The r e s u l t s  o f  the i n v e s t i g a t i o n  l e d  to  the  f o l l o w i n g  
c o n c l u s i o n s :
(1 )  A e r i a l  s e e n - a r e a  naps o f  s u f f i c i e n t  accu ra cy  f o r  p lann ing  
d e t e c t i o n  r o u t e s  and c o v e r a g e s  can be made from high o b l iq u e  
a e r i a l  p h o to g ra p h s .  Thie type  o f  photograph i s  n o t  im portant  
as lo n g  as  d e t a i l s  can be r e a d i l y  d e f i n e d .
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(2 )  Ocalfir s k e t c h in g  from a d ra in age  nap p r o v id e s  a s a t i s ­
f a c t o r y  t e c h n iq u e  f o r  i n t e r p r e t i n g  h ig h  o b l iq u e  a e r i a l  
p h o to g r a p h s .  S t e r e o s c o p i c  s k e t c h in g  p r o v id e s  a nore a ccu ­
r a t e  r e p r e s e n t a t i o n  o f  the  s e e n  a ro â s  but  th e  ga in  in  
a c c u r a c y  i s  n o t  commensurate v/ith the  i n c r e a s e  i n  c o s t .
(3 )  The c o s t  o f  a e r i a l  s e e n -a r e a  napping i s  comparable to  
the  c o s t  o f  s e e n -a r e a  mapping done from ground p o i n t s .  The 
c o s t  o f  s a t i s f a c t o r y  procedures  v a r ie d  from 4 . 2  to  B.6 c e n t s  
per square  m i l e ,  depending  on the degree  o f  c o v e r a g e .  This  
compares w e l l  w i t h  the  average  c o a t  o f  5 . 3  c e n t s  per square  
m ile  f o r  the  mapping done on the  î îor th  Idaho F ir e  Survey ,
a p r o j e c t  i n v o l v i n g  423 ground p o i n t s .
(4 )  Adequate c o v e ra g e  f o r  a e r i a l  s e e n -a r e a  mapping i s  pro­
v id e d  by photographs spaced so  th a t  n i n e - t e n t h s  o f  the area  
i s  o v e r la p p e d .  A camera a n g le  o f  37.5® from the  l i n e  o f  
f l i g h t  g i v e s  b e t t e r  co v era g e  than a 9 0 °  a n g l e .
(5 )  P h o to g ra p h ic  a e r i a l  s e e n -a r e a  mapping p ro v id es  a b a s i s  
f o r  r a t i n g  th e  i n t e n s i t y  o f  coverage  o b ta in ed  from a p a t r o l  
a i r p l a n e .  The r o u te  s e e n -a r e a  nap can  be zoned to  show  the  
l e n g t h  o f  t im e any p a r t  o f  the area  i s  under o b s e r v a t i o n .
Recommandat i o n s . S a t i s fa c to r y  a e r ia l  seen-area  
mapping can be accomplished by moans o f  the folloi^'ing 
t e c h n iq u e s :
(1 )  P hotography .  Photographs should  be taken a t  o n e -m i l e
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i n t e r v a l s  on each  s i d e  o f  tho l i n e  o f  f l i g h t  f r o n  an a i r p l a n e  
t r a v e l i n g  a t  l e a s t  150 nph, and a t  l e a s t  2 ,5 0 0  f e e t  above  
the  t e r r a i n .  The camera should be d i r e c t e d  a t  an a n g le  b e ­
tween 3 7 . 5^ and 4 5 ^ f r o n  the l i n e  o f  f l i g h t  and d ep res sed  so  
t h a t  th e  h o r iz o n  l i n e  i s  j u s t  r e t a i n e d .  I f  i t  i s  n e c e s s a r y  
t o  photograph through a w in d s c r e e n ,  the camera should  be h e ld  
a s  c l o s e  to  i t  as  p o s s i b l e .  Any c o n v e n ie n t  s n a i l  camera can  
be used i f  i t  has  the proper c h a r a c t e r i s t i c s .  These a re :  
a r ;11 f i l m  c a p a c i t y  o f  a t  l e a s t  36 ex p o su res ;  s h u t t e r  speeds  
up t o  1 /2 5 0  second;  a l e n s  o f  f / 4 . 5  or  b e t t e r ,  w i th  an a n g le  
o f  a c c e p ta n c e  between 45  ̂ and 70®, and, an e y e - l e v e l  v iew ­
f i n d e r .  A c t u a l l y  few anataur  cameras o t h e r  than 35 rin models  
can q u a l i f y  a s  most do n o t  have the  n e c e s s a r y  f i l m  c a p a c i t y .  
There i s  a l s o  a p o s s i b i l i t y  th a t  the  F a i r c h i l d  K-10 o r  K-20 
h a n d -h e ld  a e r i a l  cameras would be  s a t i s f a c t o r y .
Good photograpli io  r e s u l t s  are  dependent on a s u i t a b l e  
a i r p l a n e .  An i d e a l  s h ip  would be one s i m i l a r  to  an a t t a c k -  
bomber, where th e  photographer cou ld  have u n r e s t r i c t e d  viovj 
forw ard ,  downward, and t o  r i g h t  and l e f t .  However, any f o u r -  
p l a c e ,  h ig h -w in g  monoplane shou ld  do .  In such a sh ip  tho  
photographer  co u ld  occupy the  r e a r  s e a t  and a l t e r n a t e l y  photo ­
graph the  two s i d e s  o f  the f l i g h t  r o u t e .
(2)  I n t o r p r e t a t i o n .  Photographs should  be i n t e r p r e t e d  by  
o c u l a r  s l i e t c h in g  f r o n  c o n t a c t  p r i n t s  or  on larger ients  o f  a t
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l e a s t  s i z e .  T h i s  c a n  b e s t  b e  d o n e  on a a b e t  t o f  t h i n
t r a c i n g  p a p e r  p l a c e d  o v e r  t h o  a p p r o x i n a t e  a r e a  o n  a t o p o -  
è r e p h î c  o r  p l a n i n o t r i o  m ap .  A s e p a r a t e  s h e e t  o f  ' o i  
p a p e r  s h o u l d  b e  u s e d  f o r  e a c h  p h o t o g r a p h .  The I o c s t I o n  o f  
t h e  f l i g h t  l i n e  i s  n o t  e s s e n t i a l  a s  t h e  s k e t c h i n g  i s  d o n e  
e n t i r e l y  b y  r e f e r e n c e  t o  p o i n t s  w h i c h  c a n  b e  i d e n t i f i e d  on  
t h e  p h o t o g r a p h s .  A p a t r o l  r o u t e  s e e n - a r e a  m p  i s  p r e p a r e d  
f r o m  t h e  i n d i v i d u a l  s k e t c h e s  b y  c o m p o s i t i n g  t h e m .
VJhere a t o p o g r a p h i c  map i s  a v e l i a b l e  i t  s h o u l d  b e  
u s e d  i n  p r e f e r e n c e  t o  a p l a n i m e t r i c  n a p .  The c o n t o u r s  v / i l l  
a i d  t h e  s K e t c h e r  i n  i d e n t i f y i n g  t e r r a i n  f e a t u r e s ,  p a r t i c u l a r l y  
r i d g e  l i n e s ,  end  s h o u l d  r e s u l t  i n  s u p e r i o r  m a p p i n g .
Some s u g g e s t i o n s  f o r  f u r t h e r  s t u d y  o f  a e r i a l  s e e n -  
a r e a  m a p p i n g  a r e  o f f e r e d .
A c o m p a r i s o n  i s  n e e d e d  o f  t h e  r e s u l t s  o f  o c u l a r  
s k e t c h i n g  b a s e d  on  t o p o g r a p h i c  and p l a n i m e t r i c  m a p s .  P h o t o ­
g r a p h s  t a k e n  f r o m  s u i t a b l e  g r o u n d  l o o k o u t s  c o u l d  bo u s e d  f o r  
t h i s  w o r k  and w o u l d  make t h e  e x p e r i m e n t  l e s s  c o s t l y .  T h i s  
w o u l d  a l s o  make p o s s i b l e  a d i r e c t  c o m p a r i s o n  w i t h  s e e n - a r e a  
n a p p i n g  a s  d o n e  f r o n  g r o u n d  p o i n t s .
An i n v e s t i g a t i o n  o f  t h e  r e l a t i o n s h i p  b e t w e e n  n a p p i n g  
a c c u r a c y  and t h e  s e p a r a t i o n  b e t w e e n  t h e  a i r c r a f t  and  t h e  
t e r r a i n  i s  n e e d e d .  T h e r e  w e r e  i n d i c a t i o n s  i n  t h i s  i n v e s t i ­
g a t i o n  t t i f l t  t h e  a c c u r a c y  i n c r e a s e s  w i t h  i n c r e a s e  i n  t h e
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s e p a r a t i o n .  S a c h  a s t u d y  n i g h t  l e a d  t o  a s o l u t i o n  o f  t h e  
p r o b le m ,  o f  how h i g h  a e r i a l  f i r e  p a t r o l s  s h o u l d  f l y ,  p a r t i c ­
u l a r l y  i f  p h o t o g r a p h - s c a n n i n g  i s  a n a l o g o u s  t o  o b s e r v e r -  
s c a n n i n g .  I h o t o g r a p h s  t a k e n  a l o n g  t h e  s a n e  c o u r s e  o n  f l i g h t s  
a t  a num ber  o f  a l t i t u d e s  v jou ld  b e  n e c e s s a r y  f o r  t h i s  e x p e r i ­
m e n t .  i ' r e v i s i o n  s h o u l d  b e  made f o r  l o c a t i n g  t h e  f l i g J i t  l i n e  
m o re  a c c u r a t e l y ;  p r o b a b l y  b y  t r a c k i n g  t h e  a i r p l a n e  v c i t h  a 
t r a n s i t  l o c a t e d  a t  o g r o u n d  p o i n t  on  o r  n e a r  t h e  f l i g h t  l i n e .
The p o s s i b i l i t i e s  i n l i o r e n t  i n  t h o  r a t i n g  o f  i n t e n s i t y  
o f  c o v e r a g e  s h o u l d  b e  i n v e s t i g a t e d  f u r t h e r .
Two p i e c e s  o f  e q u i p / i e n t  v;hich m i g h t  b e  a d a p t e d  t o  
a e r i a l  s e e n - a r e a  m a p p in g  a r e  t h e  S o n n e  C o n t i n u o u s  S t r i p  
Camera and  t h e  : \b r a n s  O b l i q u e  S k e t c h i i a s t e r . The c o n t i n u o u s  
s t r i p  ca m era  i s  a d e v e l o p m e n t  o f  ' ' o r l d  a r  I I  and many o f  i t s  
d e t a i l s  a r e  s t i l l  m i l i t a r y  s e c r e t s .  The cam era  p h o t o g r a p h s  
o n  a c o n t i n u o u s  s t r i p  o f  f i l m ,  e i t h e r  c o l o r  o r  b l a c î :  and w h i t e ,  
and t h o  r e s u l t i n g  p r i n t  l o o k s  l i k e  a l o n g  narro'*’ p a i n t i n g .
I t  w a s  t h e  o p i n i o n  o f  s f o r m e r  TT, y ,  Tnvy p h o t o g r a p h e r , who  
u s e d  0  S o n n e  Camera d u r i n g  T o r l d  7ar  I I ,  t h a t  i t  c o u l d  b e  
u s e d  f o r  o b l i q u e  a e r i e l  p h o t o g r a p h y .
The O b l i q u e  S k e t c h m a s t e r  i s  a d e v i c e  m a n u f a c t u r e d  b y  
t h e  Abrams A e r i a l  S u r v e y  C o r p o r a t i o n ,  o f  L a n s i n g ,  " " i c h i g a n .
I t  w o r k s  o n  t h e  p r i n c i p l e  o f  t h e  c a r i e r a - l u c i d o  and m akes  t h e  
t r a n s f e r r i n g  o f  d e t a i l  f r o m  o b l i q u e  p h o t o g r o n h s  t o  a b a s e  
s h e e t  o r  n e p  a r e l a t i v e l y  s i .  . p i e  p r o c e d u r e .  / h e  u s e  o f  t h i s
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inatrunent would probably 1o \ : q t  the co s t  o f  photograph i n t e r ­
p reta t io n  n e t o r i a l l y  and increase  the accuracy o f  the work.
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m a t i o n  t h a t  a p p e a r s  i n  t h e  p h o t o g r a p h  i t s e l f .  
U s u a l l y  t h o  s o l u t i o n  i s  p o s s i b l e  i f  a t  l e a s t  t h r e e  
g r o u n d  p o i n t s  o f  known p o s i t i o n  and e l e v a t i o n  c a n  
b e  i d e n t i f i e d  i n  t h e  p h o t o g r a p h .  T h o s e  c o n t r o l  
p o i n t s  on t h e  g r o u n d  c o m n o s e  t i e  b a s e  upon  vt i c h  
t h e  s o l u t i o n  r e s t s .  . . C b v i o u a l y  t h e y  s h o u l d  
f o r m  a t r i a n g l e  e s  l ? r g o  and w i d e  a s  i s  f e a s i b l e  
w i t h i n  t h e  f i e l d  o f  v i e w .
A t  t h e  t iL ie  t h e  t o s t  p r o c e d u r e  w as  p l a n n e d  t h o  
i n t e n t i o n  w a s  t o  s i m p l i f y  t h o  s o l u t i o n  o u t l i n e d  a b o v e  b y  
p l a c i n g  a s p o t  b u b b l e  o n  t h e  Hark Lurd a e r i a l  c a m e r a .
The s p o t  b u b b l e  w a s  a r r a n g e d  t o  i n d i c a t e  a l e v e l  h o r i z o n  
and a d e p r e s s i o n  a n g l e  o f  2 5 «5 ® w h en  c e n t e r e d .  hO 'vever ,  
t h o  c o n t r o l  p r o v e d  i n a d e q u a t e ,  p r o b a b l y  d u e  i n  p a r t  t o  
m i n o r  n o t i o n s  o f  t h e  a i r c r a f t  w h i c h  w e r e  t o o  rr r i d  f o r  
t h e  r e l a t i v e l y  i n s e n s i t i v e  b u b b l e ,  and i n  p a r t  t o  p a r a l l a x
R# U.  ^ i l s o n ,  b l i q u o  i h o t o g r a p h s  f o r  t h e  S u r v o y o r , "  
. a n u a l  o f  r h o t o g r a r i r i e t r y . P r e l i m i n a r y  e d i t i o n ,  {’ ’ev.; ''^ork: 
r i t r i c n  P u b l i s h i n g  Company,  1 9 4 4 ) ,  p .  5 9 7 .
8 2 .
r e s u l t i n g  f r o a  t h o  p o s i t i o n  o f  t h e  p h o t o g r a p h e r ’ s  e y e .  
I n s p e c t i o n  o f  t h o  c o n t n c t  p r i n t s  s h o w e d  c o n s i d e r a b l e  v o r i -  
a t i o n  i n  t h e  r e l a t i v e  p o s i t i o n s  o f  t h e  a p p a r e n t  h o r i z o n s .
T h i s  d i f f i c u l t y  n e c e s s i t a t e d  a t e d i o u s  c o n p u t a t l o n  
b a s e d  o n  t h e  a p p a r e n t  h o r i z o n  a s  i n d i c a t e d  b y  t h e  b o t t o n  
o f  t h o  h a z e  l i n e s  i n  t h e  p h o t o g r a p h s .  The c o n p u t a t i o n  w as  
n a d e  f o r  o n l y  t h r e e  p h o t o g r a p h s ;  0 - 1 - 1 ,  0 - 1 - 7 ,  and 0 - 1 - 1 3 .  
The c o n p u t a t i o n  was  b e g u n  w i t h  t h e  f o r m u l a  g i v e n  b y  T^iloon^
w h e r e  t h e  d i s t a n c e  o f  t h e  t r u e  h o r i z o n  a b o v e  t h e  a p p a r e n t  
h o r i z o n ,  n - H ’ , i s  ( f *  i^ ^ T ^ 3 5 0 0  c o s ^  i ) .  f ’ , t h e  e f f e c t i v e  
f o c a l  l e n g t h  o f  t h e  c a m e r a , i s  e q u i v a l e n t  t o  t h e  d e s i g ­
n a t e d  f o c a l  l e n g t h  o f  8 . 2 5  i n c h e s  b e c a u s e  t h e  ca m era  w a s  
f o c u s e d  f i t  i n f i n i t y ;  z  i s  t h e  ca m era  e l e v a t i o n ,  w h i c h  w a s  
7 , 5 0 0  f e e t ;  an d  i  i s  t h e  i n c l i n a t i o n  o f  t h e  ca m era  a x i s  
w h i c h  was  a s s u m e d  t o  b e  2 5 * 5 °  f o r  t h e  t r i a l  s o l u t i o n .
F i g u r e  1 4 ) •
S u b st i tu t in g  in to  the formula,
I!-H* =  ( 8 .2 5  " f 7500 f  3500 cos^  25°30*)
=  8 . 2 5  ( 8 6 . 0 6 )  r  3 5 0 0  ( 0 . 9 0 2 5 9 ^ )
-  709.9950 f  2851.3380
H-H» =  0 . 2 4 9  i n c h e s
The d i s t a n c e  ÏI-H* vms  t h e n  u s e d  t o  p l o t  e t e n t a t i v e  
t r u e  h o r i z o n ,  and d ,  t h e  d i s t a n c o  o f  the  t r u e  h o r i z o n
5 v / i l s o n ,  o p .  c i t . ,  p .  6 0 0 #
piGüRii: 14
p p .
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the p r i n c i p a l  p o i n t  o f  tha photograph.
th e  p r i n c i p a l  l i n e  o f  th e  photograph,
the tru e  h o r iz o n  on the  p r i n c i p a l  l i n e  ( a l s o  V)
th e  apparent  h o r iz o n  on th e  p r i n c i p a l  l i n e .
the  n a d i r ,  or  plunb p o i n t .
the a i r  s t a t i o n ,  or  camera p o i n t .
th e  d i s t a n c e  C-H.
th e  d i s t a n c e  PP-H.
8 4 .
above th e  p r i n c i p a l  p o in t ,P P ,  was measured from the photo­
gra p h ,  Tho ta n g e n t  o f  the a n g le  o f  i n c l i n a t i o n  v/as then  
found by d i v i d i n g  d by f»« For photograph 0 - 1 - 1 3  
tan i  = 3 . 3 3  f  8 .2 5
»  0 . 4 0 9 6 9 , or  i  » 22°  16* 18"
With the new va lu e  o f  1 ,  22^16*, a r e c o n p u ta t io n  
o f  II-H* vms n a d e ,  g i v i n g  0 v a lu e  o f  O .24O in c h e s  f o r  th e  
d i s t a n c e  o f  tho tr u e  h o r iz o n  above the  apparent  on e .  The 
d i s t a n c e  d v/as remeasured and tan  1 s o lv e d  f o r  a g a in ,  
g i v i n g  O.4O8 4 8 , or  en  a n g le  o f  22013*^09".
A t h i r d  com putation  o f  T:-H* made w i t h  i  a s  22^13* 
gave  a v a lu e  v/hich did n o t  vary a p p r e c i a b ly  from the
secon d;  the t ru e  h o r iz o n  v/as c o n s id er ed  e s t a b l i s h e d .
The n e x t  s t e p  c o n s i s t e d  i n  f i n d i n g  c ,  the  h y p o t­
enuse  o f  the  r i g h t  t r i a n g l e  formed by f * and d .  
o = l/f»2 4.
= 8 . 9 2  in c h e s
A p i e c e  o f  t r a c i n g  paper v/as l a i d  over  the photograph,  
and the  h o r iz o n  l i n o  V^-V^ drav/n on i t  {F igure  1 5 ) .
From V a p e r p e n d ic u la r  was c o n s t r u c t e d  to  pass  through pp, 
and the  d i s t a n c e  c s c a l e d  o f f  t o  l o c a t e  the  p o in t  C.
From each c o n t r o l  p o i n t ,  g3 and g^ ,  l i n e s  wore drawn 
p e r p e n d ic u la r  to  the h o r iz o n  a t  V^, v3 end V^. The d i s ­
t a n c e s  measured on the  photograph f o r  g^v^, g3v3 and gW ^  
w ere then  d iv id e d  i n t o  p a r t s  i n  the same r a t i o  a s  c vms
iÛM'.
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8 6 .
d i v i d e d  by p .  Thus, the p o i n t s  v | ,  end v ÿ  vjora o s t s b -  
l i s h e d  and f r o n  then  l i n e s  v/ere drnvm to  C. The l i n e s  so 
drevm subtend tru e  a n f^ es  a t  C, end t i e  t r e e i n g  paper pro­
v i d e s  a means f o r  r e s e c t i n g  the  p o s i t i o n  o f  G on any map 
on v/hich th e  coi. . )1 p o i n t s  are shown.
In  the f o l lŒ / i n g  t a b u l a t i o n  the com putations  f o r  
l o c a t i n g  the  a i r  s t a t i o n  o f  photograph 0 - 1 -1 3  are g iv e n :




f 8 . 25" 8 .25" 8 .25"
K-II* 0 .25" 0 .2 4 "
d 3 . 3 8 " 3 .37"
i 25O3 0 » 22°16" 22013"
c 8 .92"
d :c 0 .3 7 8
V2- V? 0 .2 9 "
V3. V?
0 .1 3 "
v^> 0 .35"
